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Summary
During the 1950s Bernard Phillipe Groslier hypothesised that a channel network built by the
Angkorians was utilised as a source of irrigation for the production of an agricultural surplus (Bernard
Philippe. Groslier 1979). He further proposed that some “failure” of the channel system was causal
to the demographic collapse of the city. Criticisms of the theory for lack of evidence were thoroughly
debunked by Christophe. Pottier (1999) who systematically documented numerous archaeological
features spread over the landscape surround the central temple complex to the south, D. Evans (2007)
continuing and completing the work to the north. The resulting map demonstrated the existence
of a channel network linking the central water reservoir with the wider agricultural lands. This
study documents the stratigraphy of sediments preserved within former Angkorian channels based
on desktop terrain analyses, pedestrian field survey, ground-penetrating radar, borehole sampling,
hand excavation, particle-size analysis and micromorphology. The results show that the recharge
of the channel network was reduced abruptly at a critical node, causing irreversible of recharge to
the south. The reduction of recharge can be linked directly to the establishment of the Siem Reap
River and its subsequent incision into the substrate. That event is well known and has previously
been thought to have occurred relatively early in the Angkorian Period. However, reappraisal of the
assumed flow directions along Angkorian channels shows clearly that the establishment of the Siem
Reap River must have occurred after the construction of the Jayatataka and therefore much later in
the Angkorian Period, well timed for a causal role in the demographic collapse of the city.
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Relict Angkorian canal, north of the northern enclosure gate of Angkor Thom.
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Chapter 1
Introduction
1.1 The Rise and Decline of Angkor
“Angkor” is the contemporary Khmer1 noun describing a collection of monumental temples con-
centrated predominantly north of Siem Reap and approximately 320 km northwest of the modern
Cambodian capital Phnom Penh. The word may derive from the Sanskrit “nagara” (Higham 2002,
p. 299), which can be translated as “city” (Jenner 2009, p. 281), and is a pertinent etymological
reference to its urban history. Angkor emerged as a central seat of power in mainland Southeast
Asia from the consolidation of a number of smaller kingdoms that emerged in the region between
550 and 800 CE (Higham 2003, p. 51; Coe 2004, p. 61). At its peak, Angkor was the most extensive
pre-industrial low-density urban complex in the world (D. Evans 2007; R J Fletcher et al. 2003) and
during that time its empire spanned the larger majority of mainland Southeast Asia (Figure 1.1).
Angkor’s ancestral power base is more recently claimed to have derived from the consolidation
of an unknown number of smaller kingdoms that had become established in the Mekong Delta,
some time during the end of the Iron Age (Table 1.1) (Higham 2002; Coe 2004, p. 61; O’Reilly
2007, p. 92). During that period the regional focus of power appears to have been concentrated
around the control of maritime trading ports such as at Oc Eo2, whose economic relations extended
inland at least as far as southern Cambodia, to the ancient city of Angkor Borei. Economic relations
between Angkor Borei and the Delta are suggested by parallels in ceramic typologies (Stark 2006,
p. 100), but also by a very early example of Khmer hydraulic works in the form of a 70 km long
canal, linking it to Oc Eo towards the southeast. Whatever the relationship between individual
economic centres, the Khmer epigraphic record suggests the existence of a number of independent
states, referred to collectively as ‘Funan’ by the Chinese (Freeman and Jacques 1999, p. 8). By the
early 7th century CE, during the Early Kingdoms Period (Table 1.1), the focus of economic power
had moved away from the maritime trade routes commanded from the Mekong Delta, and towards
agrarian production in the wide plains of central Cambodia (Coe 2004, p. 68).
At the end the the Early Kingdoms period, Jayavarman II began a campaign of expansion from
his city of Indrapura, possibly located northeast of modern Phnom Penh. The Classic Angkor Period
1The contemporary Khmer people are an ethnic group who speak the Khmer language. They make up the larger
majority of the population of Cambodia but also occupy the Mekong Delta and parts of eastern Thailand.
2Oc Eo was actually located 15 km inland but connected to the coast by canals.
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;
Figure 1.1: Extent of the Angkorian Empire in mainland Southeast Asia at its peak during the 12th
century CE with locations mentioned in the text. The extent of the empire is shaded in lighter grey
shading; contemporary Cambodia is shaded in darker grey; major regional rivers including the Mekong
River, and also the Tonle´ Sap Lake are drawn in black. General location of and movements of other
principal ethnic groups are also shown.
(Table 1.1) then began in 802 CE when Jayavarman II was declared the ‘universal monarch’ at a
ceremony at Mahendraparavata, or “Mountain of the Great Indra”, a sandstone plateau bordering
Angkor to its north, known today as Phnom Kulen. For centuries after, successive rulers held power
over a shifting empirical border centred at Angkor, constructing spectacular monumental temples
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Table 1.1: Periods of Cambodian history (Coe 2004; Sophady et al. 2016, after).
Period Date Range Description
Hunter and gath-
erer
71±6 to c. 3600-3000
BCE
Mainland Southeast Asia populated by Homo sapiens.
Small groups of hunter-gatherers using stone tool tech-
nologies.
Early Farming 3600-3000 BCE to c.
500 BCE
Small villages appear supported by rice agriculture.
Bronze working begins around 2000-1500 BC. Social
stratification increases through the period.
Iron Age 500 BCE to c. 200-
500 CE
Iron tools introduced.
Early Kingdoms 100-200 CE to 802 CE Also known as the ‘pre-Angkorian period’. Centralisa-
tion of societies into small kingdoms focussed on mar-
time trade routes through the South China Sea. Bud-
dhism and Hinduism appear in the region along with the
first written scripts.
Classic 802 to 1327 CE Also called the ‘Angkorian Period’. Founding of a center
of power at Angkor in 802 CE followed by the expan-
sion of an empire across mainland Southeast Asia. Last
known Sanskrit inscription at AD 1327.
Post-Classic 1327 CE to 1863 Successive but poorly documented invasions of Angkor
by the Thai from the west. Relocation of the Khmer
capital to Phnom Penh. Increase in Vietnamese power
and loss of lands to the east, particularly the Mekong
Delta. Establishment of Theravada Buddhism as the
state religion.
and hydraulic works over the landscape between the mountain and Tonle´ Sap, a vast lake to the
south (Coe 2004; Freeman and Jacques 1999). The climax of monumental construction occurred
during the time of Jayavarman VII who reigned from 1181 CE. His extensive building program has
frequently been described as a frenzy and numerous authors have invoked the evident expenditure of
resources as a critical economic factor for the subsequent decline of the Angkorian Empire. Certainly
by the death of Jayavarman VII at around 1215 CE, the Angkorian Empire was at its peak, spanning
the larger majority of mainland Southeast Asia (Figure 1.1). The empire is presumed to have begun
its decline from this time. The ethnic Cham people, who then occupied the east coast of modern
Vietnam, excised themselves from the rule of the Khmer. The Thai people also began to encroach
from the north, establishing a capital at Ayutthaya in the Chao Phraya River Valley.
In 1253 CE, the Kingdom of Nanchao in the modern Chinese province of Yunnan, was overrun
by the Mongol armies of Kublai Khan. The attack is thought to have initiated waves of migration
of the resident Tai-speaking people into Southeast Asia, including modern Myanmar, Lao PDR and
Thailand, displacing the Angkorian outposts there and reducing the boundaries of its empire. As the
Thai civilization grew, it began to launch assaults on Angkor from its city of Ayutthaya, although
the Angkorians responded successfully on a number of occasions.
During the 13th century CE, major religious upheavals occurred at Angkor and statues of Buddha
were broken throughout the capital, although under which sovereign’s reign the destruction occurred
is unknown (Coe 2004, p. 128). Hinduism and Buddhism had initially entered the region simulta-
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neously during a period when elements of Indian culture were being adopted3, in the embryonic
stages of state formation, but appeared to have coexisted together throughout the Classic Angkor
Period (Coe 2004, p. 129). If the destruction of statues of Buddha at Angkor was an indication of
renouncement of the religion by the ruling sovereign, or even in the wider population, it had been
re-established by the accession of the Buddhist king Indravarman III in 1296 CE. A fundamental
philosophical change of Khmer Buddhist practice was soon evident however in the accession of the
last sovereign of Classic Angkor in 1308 CE, the first Pali text being used to commemorate the
founding of a Theravada monastery in 1309 CE (Coe 2004, p. 130). Previously, the Khmer had
practised Mahayana Buddhism where Bodhisattvas, who had attained enlightenment, remained on
earth for the assistance of others. Bodhisattvas are revered in Mahayana Buddhism, with modern
examples including the Dalai Lama of the Tibetan tradition. In contrast, Theravada Buddhism do
not revere Bodhisattvas. The adoption of Theravada Buddhism has been invoked as a causative
factor for the decline of Angkor. It is claimed that it was a milder religion making the Angkorians
less inclined to defend themselves against the incursions of the Thai, although Coe (2004, p. 197)
points out that the same religion did nothing to dull the Thai offensives, or indeed offensives by the
Angkorians against the Thai. Instead the key effect of Theravada Buddhism on Khmer society is
the likely removal of their cultural association with monumental architecture (Coe 2004, p. 197).
The Post-Classic, or post-Angkorian Period (Table 1.1) began with the last known Sanskrit
inscription, the script used in religious text throughout the previous millenia, commemorating the
accession of another sovereign in 1327 CE (Coe 2004, p. 195). The official reason for the move of
the capital away from Angkor is recorded as being in response to a Thai sack of the city in 1431
CE. A new capital was established at Phnom Penh, although it is suggested that the move occurred
gradually (Coe 2004, p. 208). An economic shift had been occurring back towards maritime trade
and Phnom Penh, located at the junction between the Tonle´ Sap Lake and the Mekong River,
was more strategically placed to take advantage of trade through the Delta (Coe 2004, p. 197). A
combination of economic overreach, external military aggression, changing religious sensibilities, and
a changing economic environment appears to have conspired to cause the Khmer to abandon the
great monuments of Angkor to the jungles.
1.2 The Cite´ Hydraulique
An alternative and somewhat pervading explanation for the demographic collapse of Angkor is that
the city was abandoned because of the functional collapse of a water management system, centred
around four vast rectilinear reservoir known in Khmer as baray . The four great baray are represented
as the larger of the black rectilinear features in Figure 1.2; their construction and use as water
storages by the Angkorians is undisputed. The vast structures, the greatest of which measures over
8 km in length, immediately demonstrates the great capacity of Angkorian hydraulic engineering.
During the 1950s to 1970s Bernard Phillipe Groslier articulated ideas that the Angkorians constructed
an irrigation system centered around these great baray that ultimately led to the abandonment of
3Hydraulic technologies were also adopted such as artificial water systems, including rectangular reservoir or baray
(Coe 2004, p. 63).
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the city (B. Groslier 1958, 1960; Bernard Philippe. Groslier 1979; Bernard. Philippe Groslier 1967).
The hypothesis was formally outlined in his article “La cite´ hydraulique angkorienne : exploitation ou
surexploitation du sol ?”4 in 1979. In brief5, Groslier proposed that the development of an irrigation
system allowed the Angkorians to accumulate an agricultural surplus that provided an economic
stimulus for the growth of the city. The sustainability of the agricultural surplus provided by irrigation
eventually became a key component of the economic base for the much larger population. Bernard
Philippe. Groslier then invokes a “failure” of the irrigation system in depleting that economic base,
proposing that it directly contributed to the collapse of Angkor.
;
Figure 1.2: The “cite´ hydraulique” as mapped by Bernard Philippe. Groslier (1979). The four larger black
rectilinear structures are Angkorian reservoir.
Groslier called for an empirical landscape-scale approach to approach his hypothesis and during
his tenure at the Ecole´ Franc¸es d’Extreˆme-Orient (EFEO) in Siem Reap he continued the work
of Victor Goloubew by using aerial photography in order to more fully appreciate the Angkorian
landscape. However, his efforts ceased in 1970 when civil war broke out in Cambodia (Coe 2004,
pp. 17–8). In the absence of a research presence on the ground at Angkor, criticisms of Groslier’s ideas
appeared, most notably by Liere (1980) who dismissed the idea based partly on a lack of evidence for
outlets in the barayembankments or a distributive channel system. Since Cambodia was reopened
to the international community and the EFEO re-established itself at its former premises in 1990
4The Angkorean hydraulic city: exploitation or over-exploitation of the soil?
5See D. Evans (2007) for a comprehensive treatment of Groslier’s hypotheses.
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(Vandermeersch 1992), an explosion in archaeological research has taken place. The existence of an
Angkorian water management system was comprehensively demonstrated in the work of Christophe.
Pottier (1999) and D. Evans (2007) who mapped the south and north Angkor regions respectively
using remote aerial methods. Their combined map provided a foundational basis for Groslier’s
empirical requirements by showing that a vast interconnected network of channels radiated around
the central reservoir and were of a scale that could be reasonably be inferred to have provided a
means to distribute a significant supply of water. The result essentially overturned the doubts that
had developed.
In summary to his 2007 work, D. Evans suggested that the next empirical requirement towards
testing Groslier’s hypothesis would be to demonstrate that the water management system was
indeed used as a source of irrigation for Angkorian agriculture. Without that evidence, the idea
that a demographically sustaining agricultural surplus was lost because of a substantive reduction
of irrigation, cannot be supported. Evans pointed out that direct evidence for irrigation might
come be in the form of outlets to the mapped Angkorian channels, and/or evidence of smaller
distributory channels leading the fields beyond. Such evidence has been and continues to be sought
by the University of Sydney’s Greater Angkor Project as part of their continuing excavations over
the Angkor landscape and adding to those efforts here would be somewhat redundant.
This thesis takes an alternative approach by attempting to directly identify evidence for “failure”
of the channel network, as equally required by Groslier’s hypothesis. The evidence will be sought
within sediments preserved within former Angkorian channels, which would have been sensitive the
hydrological processes active during the Angkorian Period. The primary research question of this
thesis can therefore be stated very simply:
“Do the sediments preserved within the Angkorian channels demonstrate evidence of
hydrological change over time?” and
1.3 Thesis Outline
To answer the research question a scaled procedure of investigation was implemented ranging from
regional analyses of terrain down to microscopic examination of individual stratigraphic units. A
scaled procedure was necessary in order to first select a representative subset of Angkorian channels
within the vast complex that would have a high probability of representing the latter stages of
the operation of the water management system. Once a subset of channel sites were identified,
topographic and borehole survey were implemented to study the cross-sectional depositional geology
and to narrow down the precise location of the channel center for further examination. Geological
test trenches placed at the channel centres and at a comparative control location allowed detailed
examination of the channel profile and collection of samples for analysis.
This thesis is structured according to the scaled procedure briefly described above and can be
summarised as follows:
• Chapter 2 aims to describe the physical setting of the Angkorian water management system
with reference to the available literature. Background information is presented on the regional
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and local geology, geomorphology, climate, soils, hydrology and archaeology. Environmental
influences that have variously been proposed to have affected the demographic collapse of
Angkor are also discussed in context of each environmental setting. The chapter provides the
background information for the direction of this thesis and the interpretation of results.
• Chapter 3 aims to identify the archaeological lineaments from the population mapped by
Christophe. Pottier (1999) and D. Evans (2007), that were hydrologically active during the
latter stages of operation of the Angkorian water management system, and that would likely
have routed the most substantive flows. This aim was achieved by calculating the boundaries
of contemporary subcatchments and identifying those whose drainage pathways can be shown
to intersect Angkorian water management structures, dated to those latter stages. Higher
flow lineaments intersecting those subcatchments were identified by using simple geometric
properties as proxies for hydrological discharge. Flow directions were also estimated by mea-
suring the topographic gradient along the higher flow lineaments. The outcome of the chapter
is to facilitate the research design of subsequent ground-based investigations by substantial
reduction of the vast remains of the Angkorian water management system; and to facilitate
interpretation of channel stratigraphy in context of the broader terrain.
• Chapter 4 aims to assess the subset of archaeological lineaments identified in the previous
chapter and deduce whether they can be characterised as prior Angkorian channels. Not all
the lineaments mapped by Christophe. Pottier (1999) and D. Evans (2007) were associated
with a former channel and would have existed simply as roads (Hendrickson 2007). This
aim is achieved by implementation of a ground-based survey to document and analyse the
surface geomorphology and subsurface stratigraphy of the archaeological lineaments using
pedestrian survey and geophysical instrumentation. Those lineaments that exhibited evidence
of a surface open-depression or subsurface channel-shaped morphology were regarded as likely
former channels. The outcome of the chapter is to facilitate the objective selection of nine
study sites for the investigation of Angkorian channel stratigraphy.
• Chapter 5 aims to document the geomorphology at each of nine study sites selected in the
previous chapter. The aim is achieved by detailed documentation of the available geospatial
data, field observations, reference to the geophysical data presented in the previous chapter,
and measurement of a transect orthogonal to the archaeological lineament. The outcome of
the chapter is the provision of largely observational evidence for the subsequent interpretation
of channel stratigraphy.
• Chapter 6 aims to differentiate and correlate the stratigraphy cross-sectional to the archaeo-
logical lineament at each study site. The aim is achieved by sampling boreholes at strategic
topographic locations along a linear transect orthogonal to the bearing of the archaeological
lineament. High resolution particle-size analysis of the borehole samples increases the rigour
of stratigraphic differentiation and correlation through application of semi-quantitative cluster
analysis of particle-size distribution summary statistics. The outcome of the chapter is con-
firmation or refutation of the existence of Angkorian channel sediments at each of the study
sites and a basis for interpretation of hydrological history.
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• Chapter 7 aims to provide supporting or refuting evidence for the interpretations of the previous
chapter by more detailed investigation of the regolith morphology. The aim is achieved by
excavation of geological test trenches at the likely channel center, as identified in the analyses
of the previous chapter, and detailed description of the field section. Thin-section analysis of
targeted units of the field sections are used to characterise the micromorphology of observed
stratigraphic features, and to assess the existence of over-printing pedological features that
may identify hydrological changes.
• Chapter 8 aims to synthesise the results with reference to each of the scale of the investigative
procedures leads to a model by which the local stratigraphic histories at each site can be tied
by a single but substantive hydrological shift. The degree to which that shift may relate to
Groslier’s hypothesis of Angkorian demographic collapse is also considered.
• Chapter 9 presents a succinct model for the development of the Angkorian water management
system.
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Chapter 2
The Physical Setting
This chapter introduces the environmental setting of Angkor within its regional Southeast Asian
context and includes details of its geology, geomorphology, climate, soils and hydrology. Focus is
drawn to mainland Southeast Asia and particularly the physiographic region of the Mekong Low-
land and Tonle´ Sap Basin, which is inclusive of the Angkor Plain, the central physiographic region
of this study. Alternative environmentally deterministic theories that have been proposed for the
demographic collapse of Angkor are also introduced. The aim of the chapter is to provide broader
context for the interpretation of analyses applied later in the thesis.
2.1 Geology
2.1.1 Tectonics
The landmasses of regional Southeast Asia are a product of complex plate tectonics. The Indo-
Australian Plate currently converges at 3◦N at an average rate of 70 mm a−1, producing a near
continuous convergent margin with the Eurasian plate to the north and the Pacific plate to the east
(Figure 2.1) (Hutchison 2005). In the northwest, the Indo-Burman Ranges south of the Himalayan
massif are formed by the uplifted active plate margin which continues south and west along the
southwestern edge of Sumatra and south of Java. Continuing west, the convergent margin turns
north at the Banda Sea where it is intersected by the Sorong transform fault. A series of complex arc-
trench systems continue north, becoming an active mountain thrust belt at Taiwan (Ian. Metcalfe
2009). Seismicity is concentrated predominantly along those convergent boundaries. The region
is further divided into the South China, Indochina and Sunda sub-plates defined by the Red River,
Thai-Burma-Natuna, and the Sumatran shears (Hutchison 1989, p. 57). Angkor is situated relatively
central to the Indochina block and is considered regionally stable (Eiby 1974).
The Indosinian Block stretches westwards from the continental shelf of Vietnam, across Cambo-
dia and the uplifted northeastern plateau of Thailand, bounded to the west by the Uttaradit-Luang
Prabang suture. Its southern boundary is located at the Rayong district of Thailand (Hutchison 1989,
p. 152). The block is shielded from the active tectonism at the plate margins and some of the oldest
rocks in the region are found here, including basement gneisses and granitic rocks with high-grade
metamorphic textural features (Roy 1974). The high-grade Precambrian metamorphic rocks of the
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Figure 2.1: The active plate margins of Southeast Asia, (after Ian. Metcalfe 2009, p. 8). Plate boundaries
are marked as solid grey lines; the Indosinian Block is shaded (after Metcalfe 1990, p. 626). Arrows show
the direction of plate motion.
Kontum Massive in eastern Vietnam have yielded a radiometric age of 2300 Ma (Hutchison 1989,
p. 152) and the Mesozoic continental Khorat Basin, spread over northeast Thailand and Laos, is also
an ancient geological formation. The most substantial tectonic activity across the mainland region
was the Late Triassic Indosinian orogeny, where the Gondwanian Sinoburmalaya collided with and
sutured to the Indochina block. The most recent evidence associated with the multiphase orogeny
are Cretaceous shear events found in the Song Ma fault zone of the Annamite Chain, the moun-
tain range forming the spine of Vietnam, which dates to 20-30 Ma and overprints the much earlier
Triassic metamorphism (Lepvrier et al. 1997). Despite relative stability since the Jurassic period
the Indochina block has been subject to continuing tectonic activity including uplift and igneous
activity during the late Cretaceous and early Tertiary in northern Vietnam. During this period the
region was warped into broad domes, exposing the Mesozoic sandstone successions in Cambodia to
erosion, and causing the underlying intrusive granites to outcrop at the surface. Tectonic activity
continued into the Quaternary as recently as 600 000 years ago when volcanic activity formed basalt
terrains in northeast Thailand, Cambodia and Vietnam (Carling 2009). The closest contemporary
tectonic activity to the Angkor region is where the blocks of India, South China and Indochina meet
(Socquet and Pubellier, 2005 cited in Carling 2009, p. 18).
Angkor is situated in the central region of the Indochina block (Figure 2.1) and is unlikely to
be affected by dramatic tectonic activity. Fault lines have been mapped in Cambodia by the Japan
International Cooperation Agency (JICA) but these tend to be concentrated in mountainous terrain
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in the southwest of the country, and also the higher terrains in the northeast, as it rises towards the
Annamite Chain. In contrast the central region, inclusive of the Angkor area is mapped to be free of
fault lines. Potentially the distribution is simply a consequence of observable outcrops only existing
in the higher country, as its central portion is covered by a thick veneer of sediment. Beyond the
borders of Cambodia, active faults are known to exist in northern and western Thailand (Fenton et
al. 2003). The available evidence suggests then, that Angkor is largely unaffected by either regional
or local tectonic movement, indeed the most substantial landscape movement reported in recent
times is the subsidence of Bangkok, although that has been attributed to compressive clays and
the reduction of the underlying aquifers piezometric levels (Nutalaya et al. 1996; Rau and Nutalaya
1982).
In some contrast to the available evidence of its regional setting, Thung (1999) has suggested a
tectonic explanation for Angkor’s demographic collapse1. He proposed that a slow uplift caused the
bed of the local stream channel to become lower than the inlet channels of the West Baray, making it
no longer possible to direct water into that reservoir, citing substantial down-cutting of the meander
bends of the Siem Reap River as evidence. However, hydrological analysis by Kummu 2009 shows
that the topography traversed by the diverted course of the Siem Reap River more than adequately
explains the down-cutting. Thung also points to the fact Angkorian roads are built raised above the
ground surface and suggests it as evidence the ground was wetter during Angkorian times, although
modern roads also tend to be raised. Reference is also made to the dry condition of Angkorian
canals at their upper reaches. More convincingly Thung cites the exposure of deltaic deposits at
the northwest of the Tonle´ Sap Lake as evidence of uplift there, but only provides speculation that
it is a recent phenomenon. As direct evidence of tectonism Thung cites the existence of volcanic
cones, such as one found in the mountains in the southwest of Cambodia, as the source of activity.
However, the most recent volcanics are Pliocene to Pleistocene in age (Hutchison 1989, p. 159)
as outlined in the following, and is not sufficiently recent to explain landscape uplift during the
Angkorian Period.
2.1.2 Lithology
The distribution of surface lithology across mainland Southeast Asia was first appreciated once the
Geological Service of Indochina2 began compiling the earliest geological maps within the region at
1:50 000 scale (Carling 2009; Rasmussen and Bradford 1977; Workman 1972). In the early 1920s
the chief of the Survey, Jacques Fromaget, compiled the available maps and produced a 1:2 000 000
scale synthesis of Indochina in 1937, republished in 1952 and shown here in Figure 2.2. The central
region of Cambodia, inclusive of the Angkor region, located on the northern shore of the great
lake, is composed of loose sediments. The remaining lithologies outcropping through and around
the sediments include 84.6% sedimentary, 11.7% volcanic, 2.3% metamorphic, and 2.1% plutonic
lithologies (Peucker-Ehrenbrink and Miller 2004).
Upper Palaeozoic rocks known as the Indosinias Formation (represented in matt-grey in Figure 2.2)
compose a wide portion of the surface geology east of Angkor (located on the northern shore of the
1Thung (1999) attributes the initial idea to the French geologist Escande working in the region in the 1960s.
2The Service Ge´ologique de l’Indochine.
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Figure 2.2: Geological map of Vietnam, Cambodia and Lao PDR (Fromaget 1971). Lower Indosinian
rocks are mapped in grey; Upper Indosinian rocks are mapped in grey with diagonal blue dash; Pliocene
basalt is mapped in blue; and Quaternary sediments as pale yellow. Angkor is located on the northern
shore of the great lake in central Cambodia, Tonle´ Sap, surrounded by Quaternary sediments.
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great lake Tonle´ Sap, within a wide plain of quaternary sediments). The formation is composed pre-
dominantly of lagunal and lacustrine-fluvial deposits, including green or greenish-grey marine shales
interbedded with sandstones and overlain by weakly bituminous, fossiliferous limestone and oolitic
limestones (Vysotsky et al. 1994). The sequence is also sometimes intercalated with neritic deposits
and less-so by coal beds, lava flows and tuffs (Roy 1974).
The Jurassic to Cretaceous-age Upper Indosinias Formation (represented in grey with blue diag-
onal dashes in Figure 2.2) outcrops widely at the western coast of Cambodia, composing the larger
portion of the Kraˆvanh Mountains, southwest of the Angkor region. The formation is known as
the Gre`s supe´rieurs and is composed of a clayey sandstone succession with conglomeritic layers and
upper units formed of quartz arenite (Vysotsky et al. 1994). It outcrops extensively in mountainous
regions of the country and includes Phnom Kulen, the range of hills that border Angkor to its north,
and also forming many of the isolated but prominent hills that dot the plains of the Tonle´ Sap Basin
and Mekong Lowlands.
Pliocene to Pleistocene-age basalt flows (represented in dark blue in Figure 2.2) punctuate the
central south and east of Cambodia, extending into the Annamite Chain in Vietnam. They also
occur as isolated outcrops in the mountainous southwest of Cambodia, and also the central north.
Quaternary-age sediments (represented in pale yellow in Figure 2.2) composed predominantly of
loose sands and clays form the central portion of Cambodia from its northwest to southeast, inclusive
of the Angkor area and continuing through the Mekong Delta in Vietnam. The thickness of the
deposits vary across the region but they commonly reach up to 200 m (Workman 1977). The deposits
can be divided into Pleistocene and Holocene sediments, sometimes referred to as “Old Alluvium”
and “Young Alluvium” respectively (Garami and Kertai 1993).3 The Old Alluvium is identified by
its location on higher alluvial/colluvial terraces and slopes and is composed predominantly of sand,
silt, clay and laterite with some gravel. The Young Alluvium occupies the floodplain of the great
lake Tonle´ Sap, its tributaries and distributaries, and is composed of sand, silt and clay (Rasmussen
and Bradford 1977, P96).
2.1.3 The Angkorian Substrate
The Quaternary-age sediments that Angkor was built on are composed of interfingered lacustrine,
alluvial and colluvial depositional facies ranging from 10-20 m thick in the north at the footslopes
of Phnom Kulen, increasing to 20-30 m and fining towards the south at the shore of Tonle´ Sap
(Figure 2.3). These sediments are reported to be up to Pleistocene in age and respectively overlay
unconsolidated coarse to fine sands of Pleistocene-age from 10-30 m thick; well-consolidated clay-
stone of Pliocene-age from 20-50 m thick; Mesozoic sedimentaries, comprising sandstones with shale
beds and tuff breccia in the southeast; Palaeogene volcanics including granodiorite in the west; and
andesite dykes in the northeast (JICA 2000)4.
The sediments are interrupted at only three locations in the form of isolated hills, Phnom Bok,
Phnom Bakheng and Phnom Krom (Figure 2.3). Phnom Bok outcrops to a height of 235 m
3There is very little absolute dating evidence to determine the validity of the Pleistocene/Holocene division and the
more general ‘Old’ and ‘Young’ categories are preferred here.
4No details were given as to the geological dating methods used by the JICA study and it is assumed here that
traditional methods of relative stratigraphic succession were employed.
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Figure 2.3: Simplified representation of the geology of the Angkor Plain, after JICA.
Table 2.1: Properties of Angkorian temple sandstones (Uchida et al. 1999, p. 102).
Property Grey to Yellowish
Brown Sandstone
Red Sandstone Greenish Greywacke
Mineralogy Quartz, plagioclase,
K-feldspar, biotite,
muscovite, rock-
fragments
Mostly Quartz; small
amount of rock-
fragments
Quartz, plagioclase,
K-feldspar, biotite,
muscovite, rock-
fragments
Chemical Composi-
tion
SiO2 66-72%, Al2O3
12-14%, Fe2O3 3.8-
5.2%, MgO 1.6-2.6%,
CaO 0.9-3.3%, Na2O
2.5-3.1%, K2O 1.8-
2.3%
SiO2 84-94% Similar to the grey to
yellowish brown sand-
stone; slightly more
rich in, CaO 4%
Grain morphology Sub-angular, well-
sorted grains, 0.2-0.3
mm
Rounded, well-sorted,
0.1-0.2 mm
Angular, poorly-sorted
Colouring agent Goerthite Haematite and go-
erthite
immediately east of the northeast corner of the East Baray at about 25 km northeast of Siem Reap
town (E. Uchida et al. 2007), it is an undifferentiated outlier of the Upper Permian to Paleocene
Indosinian Formation (Rasmussen and Bradford 1977) and geologically related to Phnom Kulen.
Phnom Bakheng is an andesitic intrusion (JICA 2000) rising to a height of 67 m (E. Uchida et al.
2007) at the south gate of the walls of Angkor Thom. Phnom Krom outcrops at about 25 km
southwest of Siem Reap town at the edge of Tonle´ Sap and is composed of Upper Carboniferous
Post-Hercynian volcanics (Rasmussen and Bradford 1977) including compact cinerites, ferruginous
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scoria, pink rhyolitic lavas, grey, white, and black rhyolitic tuffs, dark cinerous sandstones, and
various volcanic conglomerates (Dottin (1972) in Hartung et al. 1992) rising to an elevation of
137 m (E. Uchida et al. 2007).
2.1.4 Phnom Kulen
Bounding the landscape of Angkor to its north are an uplifted formation of the Upper Indosinian Gre`s
supe´rieurs, Phnom Kulen (Figure 2.3).5 The outcrop here is typical, being composed of conglomeritic
layers with upper units of quartz arenite and well-cemented ferruginous sandstone (Rasmussen and
Bradford 1977). There is limited specific information regarding the composition of the lithologies
within the Gre`s supe´rieurs sequence of Phnom Kulen, however, the sandstones facing much of
the monumental temple architecture and composing much of the decorative elements have been
sourced from quarries located there (E. Uchida et al. 2007, p. 924). Three types of sandstone
are described composing the temple architecture including grey to yellowish brown sandstone, red
sandstone, and greenish greywacke6 (Uchida et al. 1999). Mineralogical composition is largely similar
for each sandstone type and include quartz, plagioclase and K-feldspars, biotite and muscovite micas,
although the red sandstone is largely a quartz-arenite (Table 2.1). The bulk chemical composition
suggests that quartz is the predominant mineral across all types however. Variability of grain-size
is limited although the greenish greywacke is reported as poorly sorted. Nevertheless, the temple
sandstones are unlikely to be representative of the variety of clast-size existing in Phnom Kulen.
Given they were sourced from specific quarries, presumably because of their building quality, a low
within-class variability of grain-size would be expected and cannot be assumed to translate over
the entirety of Phnom Kulen. Geological mapping by JICA indicates that conglomerates exist in
the sequence and so grain-size is indeed likely to be more variable than suggested by the temple
sandstones.
2.2 Geomorphology
Mainland Southeast Asia is physiographically separated from the rest of Asia by the mountainous
regions of the eastern Tibetan Plateau, eastern Himalaya Mountains and the high countries of Assam
in India, and Yunnan in China. The region can be divided into several physiographic provinces based
on their elevation and slope and their locations are indicated in Figure 2.4. Provinces forming the
bounding regional context for Angkor include a small portion of the Annamite Chain in the northeast;
the Daˆmrei and Kraˆvanh Mountains in the southwest; and the Khorat Uplands in the northwest.
Angkor itself if situated on the expansive Mekong Lowlands that consume the central portion of
Cambodia.
5Phnom Kulen was described in ancient Khmer inscriptions as Mahendraparvata, “Mountain of the Great Indra”
(Higham 2003, p. 58) and is where Jayavarman II consecrated himself “King of Kings”, laying the ritual foundations
for the centuries-long Angkorian period to follow.
6These correspond to the grey (les gre´s gris), red (les gre´s roses) and green (les gre´s verts) types of Delvert (1963).
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;
Figure 2.4: The physigraphic regions of mainland Southeast Asia, as defined by Gupta (2005a, p. 41) and
presented against a histogram-equalized grey scale 90 m resolution SRTM elevation dataset (Jarvis et al.
2008).
2.2.1 The Mekong Lowlands
The Angkorian substrate is part of the Mekong Lowlands, which emerge from the mountainous
regions in southern Lao PDR and span through Cambodia and Vietnam to the South China Sea.
They are bounded by the gently rising Khorat Uplands to the west, the slopes of the Kraˆvanh Range
and the Daˆmrei Range in the south and the Annamite Chain to the east (Figure 2.4). South of
16
2. THE PHYSICAL SETTING
Pakse in southern Lao PDR, the Mekong Lowlands are narrow and stretch southwards towards the
Cambodian border in a sequence of wide flat areas at the confluence of tributaries, and narrow
erosive valleys characterised by rapid flows. South of the Daˆngreˆk Range and the Boloven Plateau,
the Mekong Lowlands widen westwards into a vast and continuous alluvial plain broken only by small
isolated hills, the central plains of Cambodia. The thick alluvial sediments derived predominantly
from the Annamite Chain, the gorges of the Lower Mekong, and less-so the Khorat Uplands Plateau
(Clift et al. 2006).
Active floodplains occurring in the Mekong Lowlands tend to occur as either meander, expansive
or lacustrine types. Meander floodplains occur along the Mekong and parts of the Bassac Rivers and
are comprised of stream channel, levee bank, backslope and basin, with sediments fining away from
the channel. Peat is known to accumulate in basin areas that do not drain. Complex sedimentary
architectures are produced by the meandering process as levees break, causing channels to be redi-
rected and sediments to be redistributed. Expansive floodplains occur at the lower reaches of stream
courses and the basin can extend for several kilometres beyond their channel. These landforms occur
in association with the meander floodplains in the southern half of Takeo, Kandal and Prey Veng
provinces along the Mekong-Bassac river system. Lacustrine floodplains border the vast Tonle´ Sap
lake and are similar in character to the expansive floodplains, being flat and featureless with fine
textured sediments, although their character is dependent on the lithology of the surrounding area
(P. White et al. 1997)?.
The central plains of Cambodia are dominated by Lacustrine floodplains. The region is extremely
flat and a difference of only 5-10 m in elevation exists over the 300 km between the upper reaches of
the lake in the northwest, to the southeast of Cambodia (Nesbitt 1997). The plains are configured as
alluvial/colluvial terraces or active alluvial/lacustrine floodplains, broadly corresponding to the “Old”
and “Young” alluvium in the geological vernacular. At lower slopes of adjacent foothills, the plains
beyond tend to develop a gentle slopes, due to the rapid drop in flow velocity causing sediments to
quickly drop out of suspension during floods. On the higher terraces, wide flat valleys are sometime
dissected by active stream channels, forming an undulating topography. Very young and low terraces,
having only recently ceased to be part of the active floodplain, tend to be exceptionally and invariably
flat (Saeki et al. 1959; P. White et al. 1997).
2.2.2 The Angkor Plain
The Angkor Plain is part of the lacustrine floodplains that stretch across the central plains of
Cambodia. It is bounded geographically by the sandstone plateau Phnom Kulen to the north and
by the shores of the Great Lake Tonle´ Sap to the south. The plain is part of the broader Tonle´ Sap
basin whose tributaries form broad levees with shallow depressions in between (Liere 1980, p. 272).
Contemporary drainage lines dissect the plain which tend to produce undulating topography on
older river terraces in contrast to very flat active or recently abandoned floodplains (P. F. White
and Oberthur 1997, p. 4) note. The average gradient over the plain is very low at 0.1%, ranging
in elevation from 3 to 60 m (a.m.s.l) between the lake and hills respectively, over a distance of
about 40 km.7 The Angkor Plain is defined here as including hydrological sub-catchments that are
7Calculated from the low stage boundary of Tonle´ Sap Lake.
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bounded by Phnom Kulen and Tonle´ Sap and which also intersect the known Angkorian hydrological
infrastructure.8 The plain itself however, without regard to archaeological association, expands
southeast along the entire northern edge of Tonle´ Sap and also to the north and northwest where
it gradually rises to around 75 m at the foot of the Daˆngreˆk Mountains (Rasmussen and Bradford
1977).
2.3 Soils
Soils of the humid tropics were thought to form by a distinct and unique pathway towards deep
and highly weathered regolith giving rise to Ferralsols but also Plinthosols and Alisols (Dudal 2005).
However, there are no known soil forming processes unique to the tropics, although their combination
and degree may represent extremes of soil-forming conditions. Ferralsols, for example, may develop
through a highly expressed combination of lessivage, pedoturbation, decalcification, secondary min-
eralisation, hydrolysis, oxidation and reduction, however none of those processes are restricted to
humid tropical environments (Eswaran et al. 1992). Precipitation and temperature are no longer
considered to be the overriding processes governing pedological development in the humid trop-
ics that they once were. For example, the region’s geological diversity (Section 2.1) gives rise to
an equally diverse range of soil types, a fact well recognised since the commencement of soil and
landscape surveys in Southeast Asian nations since around the 1950s (Dudal 2005).
2.3.1 Regional Types and Morphology
The first synthesis of Southeast Asian soils was produced by Dudal and F. R. Moormann (1964)
at the great soil group level in accordance with the 1938 and 1960 soil classification scheme of the
United States Department of Agriculture (USDA). In 1979 the Food and Agricultural Organisation
(FAO) and United Nations Educational, Scientific and Cultural Organisation (UNESCO) published
a topical volume of Southeast Asia as part of its Soil Map of the World joint initiative, enabling
the correlation and comparison of soil units on a global scale (FAO-UNESCO 1979) (Figure 2.5).
The distribution of soil units in the map were sequentially related to topography, physiography
and lithology and described using the FAO system, which has since been superseded by the World
Reference Base for Soil Resources (WRB) (IUSS Working Group WRB 2007).
Over the larger area and particularly the steeper terrains of mainland Southeast Asia, specifically
the Annamite Chain to the east, the Northern Mountainous Region and the Central Range of Hills
through Thailand, lithic phases of Orthic Acrisols tend to dominate the soil cover. The trend is
broken most notably at the Khorat Uplands where Ferric Acrisols tend to form over the more hilly
terrain, Gleyic Acrisols over the gentler slopes and Dystric Gleysols in the drainage lines. The
Mekong Lowlands compare similarly with the regional trend although lithic phase Orthic Acrisols
tend to accommodate the high relief terrains. Slopes of the Lowlands are occupied by Ferric Acrisols
8Defining the “city” of Angkor as an isolated urban unit is difficult at best. D. Evans (2007) has shown that
small-scale infrastructure such as shrines and ponds have no lateral boundary, but continue northwest and southeast
to Thailand and Vietnam respectively. Similarly, Hendrickson (2007) has shown that an archaeological lineament
stretching northwest from the northwest corner of the West Baray is a road that continues to Pimai in Thailand. The
finding shows that the large-scale Angkorian infrastructure cannot be used to define the boundaries of the “city”.
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Figure 2.5: Soils of mainland Southeast Asia from Soil Map of the World. Source: Land and Water
Development Division, FAO, Rome.
and flats by Gleyic Acrisols. The wider Angkor Plain is dominated by Ferric Acrisols, although Orthic
Acrisol occur at Phnom Kulen to the north, and Eutric Gleysol at the edge of the great lake Tonle´
Sap to the south.
Acrisols
Acrisols are “soils having an argic horizon with a cation exchage capacity (CEC) of less than 24
cmolc kg
−1 clay and a base saturation of <50% in the major part between 25 and 100 cm of the
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soil surface” (IUSS Working Group WRB 1998, p. 14). Weatherable minerals are few in Southeast
Asian Acrisols and clay mineralogy is dominantly kaolinitic with base saturation commonly below
50%, low CEC in the range of 16 to 24 cmolc kg
−1, pH typically below 5.5 but reducing to around
4.5 or 5 in the wettest areas, and Carbon:Nitrogen (C:N) ratio usually exceeding 12 (Dudal 2005;
Dudal, F. Moormann, et al. 1974; IUSS Working Group WRB 2007).
Typical Acrisol profile morphology is characterised by a reasonably thick humic horizon, although
bleaching of surface horizons is common due to loose bonding between the organic-matter, clay and
mineral clasts. Where it is present the eluvial horizon is pale and almost structureless. The B
horizon is argic, often of red to yellow hue and high chroma and express a blocky structure with
clay coatings. Soft masses or nodules tend to accumulate in the lower B horizon in response to
groundwater fluctuations, sometimes occurring as a continuous plinthic horizon or hardpan (Dudal
2005).
In Southeast Asia Acrisols are typically associated with Nitisols, Farralsols, Plinthosols, Lixisols,
Arenosols, Regosols and Cambisols. Acrisols have otherwise been described in the region as ‘red-
yellow podzolic soil’ and ‘red, yellow or yellowish-brown lateritic’ soils (Dudal 2005). Within the
Mekong Lowlands, many soils previously described as ‘grey podzolic’ can be classed as Acrisols and
due to very low concentrations of weatherable minerals in the sand fraction the profile can appear
very white (Dudal, F. Moormann, et al. 1974).
Within the Mekong Lowlands Acrisols are distributed over the higher terrains but also throughout
the wide alluvial lands surrounding the great lake Tonle´ Sap, beyond its floodplain (Figure 2.5).
Higher and more steeply dissected topography of the Mekong Lowlands is dominated by medium
to fine lithic phase Orthic Acrisols. These commonly develop from felsic to intermediate parent
materials and are usually well drained, although they are susceptible to erosion under torrential
rainfall, where the argillic horizon is compact. Fertility tends to be dependant on the composition
of the parent material. Undulating to rolling landscapes tend to be occupied by Ferric Acrisols.
These soils are low in organic matter content and are also low in phosphate, potentially due to
sorption by iron. Ferric Acrisols are agriculturally unproductive generally and indurated nodules
formed within the argillic horizon may be particularly limiting to crop growth where they occur in
the root zone. On level topography soil materials give way to Gleyic Acrisols. Despite their acidity,
low organic matter content and base saturation, the soils will support a single annual rice crop due to
their favourable topographic configuration and low permeability. The soil matrix tends to have very
poor water holding capacity and is particularly prone to drying, despite avoiding loss of water due
to deep drainage. Continuous cultivation is difficult but irrigation may safeguard against drought
(FAO-UNESCO 1979).
Gleysols
Gleysols are “soils with gleyic properties within 50 cm of the surface, having no diagnostic horizons
other than a histic, mollic, ochric, takyric, yermic, calcic, cambic, duric, gypsic or vertic horizon”
(IUSS Working Group WRB 1998, p. 14). Gleysols have low to moderate organic matter content
across Southeast Asia. CEC may be less than 20 cmolc kg
−1 but is variable depending on the
parent material, which may partially be sourced from mafic sediments derived from throughout the
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Mekongbasin. Soil pH can vary from 4 to 7 and can be alkaline at depth (Dudal 2005; Dudal, F.
Moormann, et al. 1974).
Typical Gleysol profile morphology is usually characterised by strong gley colours, at least
throughout the subsoil, due to chemical reduction in submerged conditions. The materials are
fine-textured generally but the subsoil is commonly argillic with blocky structure and clay coatings.
Where a texture contrast exists between the topsoil and subsoil, the profile may alternatively be
classed as a Planosol. The subsoil may present as brownish-grey or olive-grey with paler mottles,
which may develop into ferruginous or manganic concretions (FAO-UNESCO 1979).
In Southeast Asia Gleysols are typically associated with Cryosols, Podzols, Histosols, Fluvisols,
Calcisols, Gypsisols, Acrisols, Lixisols, Alisols and Nitisols. Gleysols have been previously referred to
as ‘low humic gley’ or ‘grey hydromorphics’, and by the “acquult” sub-order under the USDA’s 7th
approximation soil classification (Dudal, F. Moormann, et al. 1974).
Within the Mekong Lowlands Eutric Gleysol are dominant and form particularly in association
with the floodplain of Tonle´ Sap and the Mekong Delta, where they are exploited for the production
of almost continuously irrigated rice (FAO-UNESCO 1979). They are poorly to very poorly drained
and often waterlogged throughout the southwest monsoon but may subsequently dry out. Organic
matter content is generally moderate to low although the soils are reasonably fertile with a moderate
to high CEC slightly acid to neutral pH. Crop growth is limited in the dry season by water supply
but by submerged conditions during the wet period if drainage cannot be artificially implemented.
Where they form on the low terraces of active stream channels Eutric Gleysols may be accompanied
by Mollic Gleysols (FAO-UNESCO 1979).
2.3.2 The Soils of Angkor
Soil information for the Cambodian component of the FAO-UNESCO Soil Map of the World, which a
portion of the larger portion of the Mekong Lowlands, was sourced almost exclusively from Crocker’s
Crocker (1963) General Soil Map of Cambodia (Figure 2.6). The map is of slightly finer resolution
than FAO-UNESCO’s regional synthesis and presents at the categorical level of great soil groups
and subgroups (Kyuma and Kawaguchi 1966). Crocker’s interpretation of distribution was laregly
supplemented aerial photograph interpretation and field sampling (FAO-UNESCO 1979).
2.4 Climate
The climate system in Southeast Asia is largely driven by its low latitudinal location between ap-
proximately 20◦N and 10◦S. The tropical monsoonal climate is caused by the seasonal difference in
surface heating between the terrestrial and marine environments. In summer the surface temper-
atures of the landmasses exceed those of the ocean but are lesser during the winter (Koteswaram
1974). The summer monsoon is marked by a sharp increase in precipitation although the region
experiences substantial year-to-year variation in its distribution and magnitude. During the winter
monsoon between November and February air movement is northeasterly and cold surges arrive due
to a pressure gradient that forms across the coast of East China between the cold continental air
mass to the north and and warm tropical air mass to the south. The southwesterly summer monsoon
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is coincident with the formation of a trough centred over mainland Southeast Asia but spanning
from the West Pacific to the bay of Bengal; sometimes it forms as two separate and smaller troughs
over India and China (Chuan 2005). Mainland Southeast Asia is strongly affected by the winter
monsoon and dry conditions prevail there through the winter months (Nieuwolt 1977).
The majority of mainland Southeast Asia, including the Mekong Lowlands, is classified as a
tropical savanna climate (Aw) under the Ko¨ppen-Geiger system, defined by an average monthly
temperature exceeding 18◦C year-round, and a dry winter with average monthly rainfall less than
60 mm, for 3 to 6 months. Some coastal fringes of the mainland diverge from the Aw climate
including the Malay peninsula, the Daˆmrei and Kraˆvanh Mountains in the south of Cambodia, the
southern portion of the North Vietnam Plains and coastal Myanmar. These are classified as a tropical
monsoon climate (Am) and only experience 1 to 3 months of average monthly rainfall below 60 mm
(McKnight 1996; Peel et al. 2007). The continental mainland tends to experience greater seasonality
and extremes of temperature and precipitation than their insular counterparts, particularly in the
north of Myanmar which is of a higher latitude and also mountainous (Chuan 2005). Very little
long-term climatic data particular to the Angkor Plain exists. Precipitation records exist as far back
as 1922 but systematic measurements of temperature, evaporation and humidity did not commence
until at least 1998 (Kummu 2003).
2.4.1 Temperature
Average annual temperatures are high across Southeast Asia but due to the region’s low latitude
and persistent cloud cover, which limits the solar radiation received, the range of mean annual
temperature is low at locations near to sea-level but increasing with elevation (Chuan 2005). Average
temperature is almost uniform throughout the year at approximately 27◦, although moderately
cool winters are experienced at the northern extremes (Koteswaram 1974). The generally uniform
temperatures are largely a factor of the low annual variability in day-length. In Cambodia, The longest
day recorded on 21st June in Phnom Penh measured 13.2 hours of daylight whereas the shortest
day recorded on 21st December measured 11.5 hours (Nesbitt 1997). Maximum temperatures occur
during April and May, prior to the arrival of the rains, and can exceed 40◦ in the day cooling by around
10◦ in the evening (Nesbitt 1997). Yearly average temperature between 1998-2002 is reported at
28.2◦, varying between monthly averages of 25.3◦ and 30.6◦ from December to April respectively
(Kummu 2003).
2.4.2 Precipitation
Rainfall distribution across Southeast Asia is largely dependant on the prevailing monsoon, topo-
graphic variability, spatial configuration of landmass to sea, and the formation of low-pressure zones
in the lower troposphere at the near-equatorial trough. Mainland Southeast Asia is prone to seasonal
droughts during the end of the winter monsoon. Prolonged dry periods are exacerbated by El Nin˜o
events where the resulting pressure gradient causes an eastward flow of air (Chuan 2005). Cambodia
experiences distinct wet and dry seasons (Nesbitt 1997) being situated within a transitional rainfall
subregion; to its south is an equatorial subregion where the proximity of the Intertropical Conver-
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gence Zone (ITCZ) ensures high rainfall all-year-round; to its north is a subregion of low rainfall
coincident with subtropical high-pressure cells and which is subject to an extended and more intense
dry season (Jackson 1989).
Rainfall tends to increase with elevation, particularly at the insular highlands of Southeast Asia
(Chuan 2005), but also within the Tonle´ Sap basin in central Cambodia. The effect is more pro-
nounced in the insular highlands of Southeast Asia, however rainfall similarly increases with elevation
within the Tonle´ Sap basin in central Cambodia. Two diurnal peaks are also apparent across South-
east Asia that are expressed in any given location depending on factors such as topography and
proximity to the sea. An early morning rainfall peak occurs where cooling of cloud masses during
the night cause convection and subsequent precipitation. A late evening rainfall peak results from
convection caused by heating of the land during the day (Chuan 2005).
The Tonle´ Sap sub-basin, inclusive of the Angkor Plain, experiences around 1050 and 1080 mm,
increasing to 2000 mm at higher elevations (Kummu 2003). Average annual precipitation for the
nearby town of Siem Reap is 1425.5 mm, based on 35 years of measurements between 1922 and
2002. An analysis by Kummu (2003) shows that precipitation was substantially greater over the
highlands of Phnom Kulen to Angkor’s north, averaging around 1850 mm, than at the upper slopes
of the Angkor Plain at Banteay Srei , averaging under 1000 mm, or at the edge of Tonle´ Sap Lake
at Phnom Krom, averaging under 1200 mm.
Over the Angkor Plain, the average annual evaporation rate is 1693 mm, and reaches a maximum
during the hottest months during March and April and a minimum during August and September.
Data acquired during three years between 1998 to 2000 showed average evaporation exceeded pre-
cipitation by around 200 mm, although the precipitation record was acquired over 35 years (Kummu
2003). The Angkorians constructed vast water storage reservoirs over the Angkor Plain, which
likely increased nett water loss through evapotranspiration as occurs in contemporary Southeast
Asia Kumaraswamy (1973).
2.5 Hydrology
Four primary sources of water exist on around the Angkor Plain and include precipitation, the great
lake Tonle´ Sap, which consumes the central plains of Cambodia, natural rivers of the Angkor Plain,
and groundwater (Kummu 2009). The hydrology of the great lake is intimately tied to the flow of
the Mekong River, which traverses a vast expanse of the Southeast Asian mainland.
2.5.1 The Regional Fluvial Setting
The hydrology of Southeast Asian rivers are controlled predominantly by the timing and intensity of
the the monsoon seasons and also topography (Aki 1974). As discussed in the previous section, the
southwest monsoon can generate substantial quantities of precipitation over mainland Southeast
Asia from June to September due to the movement of warm tropical air from the ocean to the
continental landmass in the northeast. The effect on hydrographs for rivers on the mainland is
broadly similar, although cyclonic storms can bring contracted quantities of localised rainfall and
can cause devastating flash-flooding where the catchment area cannot contain the flow. Besides the
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occurrence of protracted weather events, variations in river hydrography over mainland Southeast
Asia are largely a factor of their topographic configuration. Indeed the regional configuration of the
four largest rivers in Southeast Asia, the Soˆng Ho´ng, Irrawaddy, Salween, and Mekong (Figure ??),
are broadly similar and controlled by the regional gradient between the lowlands in the south with
the Himalaya to the north. Each originates from similar locations in the eastern Tibetan Plateau
and flow towards the southeast, constrained by valleys formed along regional geological structures
(Carling 2009; Gupta 2005b). The Soˆng Ho´ng flows through China and north Vietnam in a narrow
valley which expands towards the coast. The Irrawaddy similarly flows through China from the
Tibetan Plateau and then through the entirely of Myanmar from north to south. The Salween flows
through China, Myanmar and Thailand in narrow and deep gorges into the Andaman sea.
2.5.2 The Mekong River
The Mekong River is the longest regional system, with a channel length of 4880 km. The river
was of critical importance to the agricultural productivity of the ancient Angkorians and also of the
modern Khmer, predominantly for the unique hydrological characteristics it imparts on the great
lake of central Cambodia, Tonle´ Sap, but also for the composition of sediments it deposits at the
lake edge. The river is the twelfth longest in the world and its lower half flows through contemporary
Myanmar, Lao PDR, Thailand, Cambodia and Vietnam (Gupta 2005b), although Hutchison is of
the opinion that the river once flowed through the central lowland of Thailand before changing to
its present course. Abandoned former channels and deltas may exist in the region from Chiang Rai
in northern Thailand to the southern gulf and also between the great lake Tonle´ Sap and the Vung
Tau graben, located east of the contemporary Mekong Delta. Despite some uncertainty as to its
hydrological history, the Mekong River is comparatively well documented for Southeast Asian rivers,
particularly since the establishment of the Mekong River Commission (MRC).
Recharge
The Mekong River peaks during the August/September months (Aki 1974) and is partially recharged
by the annual glacial melt of the Tibetan Plateau, a fact cited in a number of texts of Angkorian
history (Coe 2004; Higham 2003). However, the significant contribution to the 470 m3 × 109 mean
annual discharge of the Mekong instead derives from precipitation within its 795 000 km2 drainage
basin (Adamson et al. 2009), which closely corresponds to its annual hydrograph (Gupta 2005b).
The hydrology of the Mekong River is for the most part unremarkable except for its large annual
discharge, although with very low coefficient of variation; the volume of water flowing through the
channel being very similar year to year (Adamson et al. 2009).
Sedimentation
Similar to other large rivers sourced from the Himalaya Mountains, the Mekong River has a high
sediment discharge (Avijit. Gupta 2011). Critically, the annually pulsing system delivers ∼150× 109
kg of total suspended sediments to the South China Sea each year (Kummu, Penny, et al. 2008).
Some of those sediments make their way into Tonle´ Sap (Shinji et al. 1994) and are likely to have also
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settled on the lacustrine floodplain at the southern edge of Angkor. The larger majority of sediments
contributed to the Angkor Plain originate from the predominantly quartz mineralogy composing
Phnom Kulen, however, sediments settling on the lacustrine floodplain include clay minerals generally
higher in CEC such as chlorite and montmorillonite, being derived from the diversity of geology within
the Mekong Basin.
Channel Morphology
The course of the Mekong traverses numerous geological structural features and lithologies, each
contributing changes to its bedload, planform and hydraulic geometry. At its last reach through
China the channel of the Mekong is constrained by a series of active faults associated with the
tectonic boundary between India, South China and Indochina (Heppe et al., 2007 cited in Carling
2009, p. 17). An extensive shear zone through northern Lao PDR and Vietnam, associated with the
south China and Indochina Plates, produce a distinct north-south trend for the drainage valleys there
including the Mekong (Carling 2009). Towards Vientiane in Lao PDR the Mekong channel flows
over Palaeozoic and Mesozoic rocks including folded sedimentary and metamorphic types composed
of sandstone, shale, schist, chert and limestone. Granites, local volcanics and gabbros also appear
along this reach (Avijit. Gupta and Liew 2007). The channel incises a north-northeast bearing
bedrock-channel constrained by a deep structural and faulted valley, bounded by steep near-parallel
ridges (Gupta 2005b).
For a 350 km reach through central Lao PDR, past Vientiane, the Mekong flows approximately
east-west; from around 130 km upstream of the capital, quaternary sediments compose the channel
substrate and become thick immediately downstream of the Laotian capital. Here the channel
flows in a meandering planform, its profile gradient substantially reduced and its width sometimes
exceeding 1 km. Beyond Vientiane, the river meanders northeast along the Thai-Laotian border until
it is turned southeast by the rising Annamite Chain. It flows along extensive structurally controlled
straight reaches broken by sharp bends (Gupta 2005b; Avijit. Gupta, Hock, et al. 2002).
Downstream of Savannakhet, after turning southwards from the Vietnamese highlands, the
Mekong channel begins to incise into bedrock. The channel width constricts from up to 3 km
to 1 and large lozenge-shaped mid-channel bars begin to give way to outcrops of Mesozoic sedi-
mentary rocks. Deep gorges constrain rapid flow before the Mun river confluences from the west,
draining the Khorat Uplands (Gupta 2005b).
Beyond its confluence with the Mun River the Mekong again widens but retains a straight reach
with steep alluvial banks. Bedrock outcrops from its channel base sometimes form the core of
substantial mid-channel bars up to 15 km long, suggesting the alluvial deposits are thin overall
(Gupta 2005b).
Immediately prior to the Cambodian border, the Mekong incises Mesozoic basalt in an anasto-
mosed pattern, where the channel width spans almost 15 km before reaching a series of waterfalls
cascading over a 10 km reach known as the Khone Falls (Gupta 2005b). These falls prevent all
upstream maritime navigation, although the gradient of the Mekong is only navigable by moderate
sized ships downstream of Kompong Cham in Cambodia (Coe 2004, p. 22).
The Mekong flows into the lowlands of Cambodia over a deep alluvial substrate. However,
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its upstream course maintains a pattern of alternation between a nearly straight reach and an
anastomosed pattern and so despite the depth of alluvium, it is likely that there is still a degree
of structural control. On its route through the lowlands the channel profile gradient is extremely
shallow at .00005. At Phnom Penh the Mekong confluences with the low and swampy Tonle´ Sap
River at the Chaktomuk Junction, which itself drains a vast floodplain expanding out to the west into
the central region of Cambodia, towards Angkor. The regional gradient is so low here that beyond a
threshold discharge, the annual pulse of the Mekong causes the Tonle´ Sap River to reverse its flow,
sending water into the great lake Tonle´ Sap along with the sediments sourced from the upstream
basin. The low gradient is otherwise indicated by the numerous backswamps seperated from the
main stem of the Mekong by natural levees less than 1000 m wide (Kubo 2008). Here the Bassac
River separates from the main channel of the Mekong as its first major distributory paralleling its
course towards the sea. The active Mekong Delta is likely marked where the first interconnecting
channel again connects the Bassac and Mekong channels (Gupta 2005b).
2.5.3 Tonle´ Sap Lake
Tonle´ Sap Lake is an extension of the lower Mekong basin and is the largest wetland system in
Southeast Asia (Sarkkula et al. 2003). The lake increases its aerial extent annually by at least
two thirds from its dry-season minimum due to the reversal of the Tonle´ Sap River, caused by the
annual flood pulse of the Mekong and the base of the lake being at an elevation of only 0.5 to
0.7 m (a.m.s.l). At its minimum level during the dry season the lake covers an area of 3500 km2,
extending from around 160 km from northwest to southeast and 35 km wide. Its minimum depth
can be as low as 0.5 m despite its expanse. Its maximum expanse is variable from year to year but
can extend up to an area of 14 500 km2, 250 km long and 100 km wide, and can reach depths of 6
to 9 m during that time (Kummu 2003).
During the mid-Holocene at around 7.7 ka and prior to the progradation of the Delta, the
confluence of the Tonle´ Sap Lake with the Mekong River was much closer to the shore of the South
China Sea (Tamura, Saito, Sieng, Ben, Kong, Sim, et al. 2009). The presence of Rhizophora (a
genus of a tropical mangrove tree) pollen in a sediment core with a basal age of 7.8 ka, extracted
from the lake suggests a tidal influence at that time (Penny 2006).
Origins
Theories about the origin of Tonle´ Sap Lake have been diverse. Carbonnel (1972) proposed that the
basin was formed by the downcutting of a former course of the Mekong River which subsequently
filled during the last Pluvial. Rasmussen and Bradford (1977, P7) regard the basin to be a structural
downwarp or fault block once forming part of a shallow sea that was cut off by silting of the
lower Mekong. More recently Hartung et al. (1992) proposed a meteorite impact as the causative
factor based on the distribution of Australasian tektites, a natural glass produced by the melting of
terrigenous rock due to hypervelocity impacts. The Australasian field is the widest of four known
tektite fields across the earth9 suggesting it to have been the greatest impact of these. No crater
9The other three fields are located in North America, central Europe and Ivory Coast.
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has yet been identified and so Tonle´ Sap has been offered as a candidate (Hartung 1994). More
recently an impact point has been proposed in North Vietnam (McCall 2000), but the crater theory
has not been widely accepted since however and a model favouring development of the Mekong due
to tectonic processes is accepted.
P. White et al. (1997) prefer the tectonic model and suggest that a combination of geological
uplift in the southeast region of Vietnam and the formation of the marine gulf between Thailand and
Cambodia caused the Mekong to migrate westward and flow through Cambodia relatively recently.
Water Balance
The Mekong River contributes 57% of the total water balance of Tonle´ Sap, predominantly through
the Tonle´ Sap River but with a small percentage by overland flooding. An average of 79 km3 flows in
predominantly via the Tonle´ Sap River, although variability year to year can be substantial. An inflow
of 44.1 km3 occurred in 1998 whereas 106.5 km3 occurred in 2000. The remaining recharge includes
30% sourced from other stream channels draining into the lake and 13% from direct precipitation.
Recession of the lake includes 88% by discharge back into the Mekong River and 12% by evaporation
(Kummu and Sarkkula 2008). On average the flood peaks on 7th October Kummu and Sarkkula
2008. Between 1997 and 2005 the minimum lake level was 1.32 amsl (in Hatien, Vietnam) with an
aerial extent of 2215 km2 and the maximum 9.14 amsl at an aerial extent of 13 258 km2
Sedimentation
The Tonle´ Sap retains 80% of the sediments contributed by the Mekong and its local tributaries
(Sarkkula et al. 2003). However, net sedimentation into the lake has been shown to range from 0.1
to 0.16 mm a−1 since about 5500 years before present (Tsukawaki 1997, Penny 2002) and occurs
predominantly along the shoreline (Sarkkula et al. 2003). It had previously been postulated that the
lake was being filled at 2 to 4 mm per year (Carbonnel and Guiscafre´, 1963; Garami and Kertai, 1993,
cited in Kummu 2003) (Kummu 2003) extrapolates the confirmed rate to show that the bottom
of the lake would only have been 10 cm below the present. The small thickness of deposition is
particularly poignant to the debate about the Angkorian hydrological network given that one of its
potential “failures” would have been becoming clogged with sediments. Clearly the sedimentation
rate in the Tonle´ Sap Lake does not seem to support the premise, however it has previously been
recognised that natural sedimentation tends to take place around the lake edge rather than from its
base and so the Angkorian evidence may simply not have been identified at this stage.
2.5.4 The Puok and Siem Reap Catchments
The Puok and Siem Reap catchments enclose the greater portion of the landscape on the Angkor
Plain, enclosing areas of 961 km2 and 697 km2 respectively. The headwaters of both are sourced
from the sandstone Phnom Kulen bordering Angkor to the north and their catchments are defined by
the entire surface of the southeastern plateau. Curiously, Stung Siem Reap10 and Stung Puok share
the same headwater stem and diverge at a location in the northwest of the Angkor Plain at Bam
10Stung is the Khmer word for river and will be used as a convention throughout the subsequent text.
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Penh Reach, around 10 km downstream of the slopes of Phnom Kulen. Their upper tributaries drain
a catchment defined by the southern scarp of the northwest plateau and one of those can be seen to
flow through two distinct segments of Phnom Kulen. The erosion of the tributary into the prominent
and isolated plateau is clear evidence that the drainage line is ancient, as it must pre-date the uplift
of Phnom Kulen. Indeed the uplift of Phnom Kulen is somewhat supportive of Thung’s 1999 tectonic
model (see Section 2.1.1), where tectonic uplift is invoked to explain the down-cutting of the Stung
Siem Reap, but curiously Thung (1999) did not discuss it, despite referring to the hydrological
configuration in his later publication (Thung 2002). Very little hydrological data exist for the rivers,
with none collected from Stung Puok at least until 2003 (Kummu 2003), however, these catchments
are arguably critical to the analysis of the Angkorian hydrological system as they enclose the later-
period Angkorian centres. Evidence of how the system may have degraded would likely be found
there.
2.5.5 The Roluos Catchment
The Roluos catchment is located immediately to the east of those of the Puok and Siem Reap, cap-
turing an area of 801 km2. The catchment is defined by the southwestern scarp of the southeastern
segment of Phnom Kulen. Kummu (2003) observes that modifications of the channel can be identi-
fied around the Phnom Bok area, which presumably directed water into the East Baray through the
numerous embankments there, but suggests that the catchment area is likely to be unchanged since
pre-Angkorian times. Observation of currently available Google Earth Imagery shows the existence
of open-channel flow between Stung Roluos and Stung Siem Reap, the route closely following the
course of a number of Angkorian archaeological lineaments. The Google Earth resource was not
available to Kummu at the time of his 2003 presentation and he may not have been aware of the
relationship between the channel, but alternatively he may not have regarded the transmission a
significant change to the catchment hydrology, in the same regard that the Stung Siem Reap di-
version had permanently captured an area of the Puok, given that the interlinking channel parallels
the local contour lines almost exactly. The course of Stung Roluos is also questionable however. Its
southerly course is oblique, rather than perpendicular, with regards to the regional contours and it is
suggested here that the natural course might be expected to flow more to the southwest. Indeed it is
not unreasonable to speculate whether a former course of Stung Roluos may once have flowed along
the lower reach of Stung Siem Reap, prior to the construction of the Indratataka or the East Baray.
In that regard the Roluos catchment area may have changed substantially since pre-Angkorian times.
Clearly these issues are speculative without empirical data to test them but the issue is raised here
simply as a means to keep the history of the Roluos catchment within the debate.
The divergence of Stung Siem Reap is clearly an anthropogenic modification. Notwithstanding
the existence of an apparent water control structure of Angkorian design at Bam Penh Reach, the
reaches of Stung Siem Reap are unusually straight for the greater portion of its upstream length.
After flowing south from its diversion, its course bears due west, in parallel with the northern
embankment of the East Baray. It then bears due south between the western wall of the baray
and the eastern wall of Angkor Thom. Only after its intersection with an Angkorian archaeological
lineament does its course develop a distinct meander pattern. Stung Roluos is similarly sourced from
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Phnom Kulen, but its catchment is defined by the southern escarpment of the southeastern plateau
and its course is directed towards the early center of Angkor at Hariharalaya.
It is likely that the diversion of the Siem Reap river was a key event in the history of the water
management system. Kummu (2009) points out that previously, the Angkor Plain would have been
divided by only two catchments, drained by the Stung Puok and Stung Roluos. The new Stung
Siem Reap catchment would effectively have split the Puok catchment at the point of diversion.
Other effects include substantial downcutting of the channel of the Stung Siem Reap after it turns
south to flow between the western wall of the East Baray and Angkor Thom. The downcutting is
noted at up to 8 m (Lustig et al. 2008) and would certainly have released substantial quantities of
sediment to the drainage system in the south.
The diversion of the Stung Siem Reap is thought to have been done to commit more water to
the East Baray due to its direct southward course towards the baray (Kummu 2003, 2009). It is
unknown whether the East Baray became completely dry before the Stung Siem Reap was diverted
towards it, or whether it was only intended but there is strong evidence that the Angkorians modified
an inlet/outlet at Krol Romeas to maintain it.
Whatever the motivation of the Angkorians for initially creating the diversion of the Stung Siem
Reap, the consequences were severe. At certain locations along its reach there has been substantial
incision into the substrate, an occurrence not common for other streams within the Tonle´ Sap basin
One account attributes the down-cutting to tectonic uplift, however on one hand the regional data
does not support such a model, and the down-cutting effect is also not consistent along the reach.
The cause of the down-cutting has been much more satisfactorily explained by Kummu (2009) who
has shown that the incisions correspond with locations of higher slope along the initial longitudinal
profile of the artificial river. An estimation of the longitudinal profile was calculated using a presumed
depth below ground surface for the channel bed of 2 m, where the ground surface was derived from
the contemporary ground surface determined from TOPSAR DEM. Kummu fitted a linear mode
against the estimated longitudinal profile showed that downcutting should be greatest at locations
immediately downstream of the diversion and also at a distance of 15 km. Field measurements from
those locations agreed with the simulation, which returned incisions of 6 m and 5 m respectively.
In contrast but equally validating, the simulation predicted no incision occurring at a distance of
35 km, where the river flows through Siem Reap town, and no incision could be observed on the
ground. The correspondence of the stream power model against the measured data strongly favours
it as causative to the downcutting of the Stung Siem Reap. It is arguable that the Angkorians
could not have predicted the effect and may have been unprepared for the consequent constraints
on distributing water to the west, or a substantial release of sediments.
2.5.6 Hydrological Management Zones
Kummu (2009) divides the Angkor Plain into three management zones based on the archaeological
mapping of Christophe. Pottier (1999) and D. Evans (2007) and also the contemporary topography
(Figure 2.7. The “Collector Zone” includes the area upslope of the 28 m contour on the Angkor
Plain, taking in the slopes and plateau of Phnom Kulen. Kummu postulates that the southwestern
flow of the natural streams were diverted through the north-south bearing archaeological lineaments,
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at least from the 10th or 11th Centuries CE. At the “Aggregator and Holding Zone”, defined as
the area between the 18 and 28 m contours, the water collected from the natural streams were
stored, predominantly in the large baray . The “Drainage and Dispersal Zone” is defined as the area
downslope of the 18 m contour, although Kummu further subdivides it into a “floodplain” zone,
downslope of the 10 m contour. Channels oriented in relation to the regional contours were used
here to drain the collected water into Tonle´ Sap lake.
Figure 2.7: Managment zones of the Angkorian water management system, as proposed by Kummu (2003, 2009)
Kummu (2009) explicitly recognises his zones to be a priori categorisations but proposes them le-
gitimately as a refutable hypothetical base. Kummu acknowledges that there is uncertainty whether
each archaeological lineaments functioned as a hydrological conduit, and whether those that did
function did so during the same periods in time, Groslier certainly argued for a diachronic develop-
ment of the system. The management zones will require adjustment as those issues are resolved but
they stand as a useful conceptual model from which to discuss the system.
2.5.7 Groundwater
The Mekong River Commission (MRC) identifies four categories of aquifer within the Lower Mekong
Basin, based on lithology and connectivity and summarised in Table 2.2. Situated on the alluvial
sediments consuming the central Cambodian plains, Angkor’s groundwater is controlled by alluvial
sedimentary architecture and may be inherently complex.
The high rate of precipitation in the tropical regions generally ensures percolation of moisture
into the vadose zone, even for seasonal climates where the process is interrupted due to the often
flashy characteristic of rainfall (Mink 1983, p. 241).
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Table 2.2: Aquifer types in the Lower Mekong Basin, after (Mekong River Commission et al. 2003).
Type Description
Basement
rocks
Granites, basalts and high-grade metamorphic rocks storing groundwater
in weathered and fractured zones but restrictive to subsurface flow.
Late Palaeo-
zoic strata
Porous and permeable sandstones and limestones.
Mesozoic
strata
Mostly porous and permeable massively-bedded sandstones providing most
regionally extensive aquifers and hydraulic heads.
Holocene sedi-
ments
Subdivided into fluvial deposits in upstream areas of the basin, and al-
luvial/deltaic/marine sediments of the Mekong Delta. Very porous and
permeable aquifers defined by fluvial sedimentary architecture and causing
potentially complex subsurface flow. Also subject to reworking by active
channels. Deltaic aquifers may be saline.
The Angkorian trapeang mapped around the Angkor plain are known to intersect the groundwater
table. The historical literature notes domestic functions such as bathing and even to agricultural
uses such as livestock, but little is mentioned of whether they had any capacity for irrigation. The
Jaffna region of Sri Lanka is reported to have grown two to three rice crops for centuries from
groundwater sources (Mink 1983, p. 246), which bears striking similarity to reports of similar yields
by the visiting Chinese emissary Chou Ta-Kuan (Chou Ta-Kuan n.d.).
In Cambodia, productive groundwaters were recorded by Rasmussen and Bradford (1977) ranging
in depth from 2 to 209.4 m depth but averaging 23.2 m. The principle aquifer flowed through “Old
Alluvium” spanning the entire northern flank of Tonle´ Sap and also to the east and west of the
Mekong Delta. Low infiltration rates were observed across the region and were attributed both to
the common presence of laterite and the predominance of silt and clay in the widespread alluvium
covering Cambodia (Rasmussen and Bradford 1977). The relatively impermeable alluvial materials
become extremely waterlogged in the wet season causing difficult surface conditions logistically not
only for the maintenance of large-scale infrastructure but also for general day-to-day urban activities.
Due to the water supply requirements for the contemporary town of Siem Reap local groundwater
hydrology is relatively well documented. An early study by Rasmussen and Bradford (1977) saw 71
exploratory wells drilled within Kheˆt Sie˘mre´ab11. Thirty six wells were located in Sro˘k Sie˘mre´ab,
which covered the majority of the catchment inclusive of Angkor. Thirty four of those wells were
productive and in the range of 15 to 1330 l/min, 29 of them having average depths of 10.7 m and
heights of 4.4 m below ground surface. The aquifers were composed of a nominal clay, observed in
18 of the productive wells. Sizteen wells were located in Sro˘k Puo˘k which takes in the far western
portion of the Angkor catchment but also the catchment to its west. All wells were productive and
in the range of 19 l/min, having an average depth of 14.4 m and a height of around 1 m below
ground surface, much higher that recorded at Sro˘k Sie˘mre´ab12. The apparent trend of high aquifer
heights is repeated at Sro˘k Kraˆlanh immediately west of Sro˘k Puo˘k yielding avarage rates of 21
l/min depth of 14.8 m and height of 1.1 m. Immediately east of Sro˘k Sie˘mre´ab, Sro˘k Sotr N˘ikom
showed similarly high aquifer levels indicated that Angkor has a somewhat anomalous groundwater
level.
11The administrative boundaries of contemporary Siem Reap Province have changed since the study of Rasmussen
and Bradford (1977).
12Out of the 16 wells drilled at Sro˘k Puo˘k only three were recorded for aquifer height.
32
2. THE PHYSICAL SETTING
Groundwater is easily accessible over the Angkor Plain ranging from around 0 and 5 m between
the wet and dry seasons. Kummu (2003) presents the annual fluctuation recorded from measure-
ments collected at the Bayon at Angkor Thom in a graph showing the groundwater stage with a
slightly delayed peak relative to precipitation. Kummu (2009) contrasts the relatively high ground-
water stages around Angkor to Kralanh District, immediately west of Siem Reap where stages of
greater than 40 m depth are common, and also in Sotr Nikum, east of Siem Reap where stages at
11 to 12 m occur.
The substantial depth to bedrock under the Angkor Plain suggest that it is largely the perme-
ability and porosity of the overlying sediments that dictate the characteristics of aquifers. Gravel
units are reported by JICA in their borehole investigations over the plain.
2.6 Conclusion
Angkor is located on a broad colluvial/alluvial plain between Phnom Kulen to the north, the local
source of hydrological recharge, and Tonle´ Sap to the south, the local point of discharge. Sediments
preserved within former Angkorian channels would have been sourced from the same location as the
sediments that make up the surrounding floodplain; the physical characteristics of those sediments
are therefore likely to be similar and differentiating Angkorian from the surrounding floodplain may
be problematic. Before such issue can be addressed, suitable Angkorian channels must be selected
for analysis, but despite the existence of long linear mounds, it is uncertain whether they each
are associated with a former channel. The following work therefore takes a top-down approach,
examining the regional landscape in desktop studies, and incrementally focussing in on Angkorian
channel sediments with finer-resolution methods.
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Chapter 3
Desktop Terrain Analysis
This chapter uses available dataset to undertake landscape-scale desktop studies in order to objec-
tively define a broader study area and potential study locations within it. The studies address the
two components of the research, hydrology and archaeology, to achieve this aim.
The Siem Reap River represents the final perennial configuration of the Angkorian water man-
agement system. The remains of the rest of the network either retain a channel structure and may
flow ephemerally, or are otherwise partially filled with sediments or buried entirely. Methods used to
define the planview configuration of palaeochannels preserved in aggrading floodplains may also be
applied to map the configuration of the Angkorian water management system.
A palaeochannel may be identified at ground-level by the presence of a continuous open de-
pression, formed by incomplete sediment infilling of the prior channel (Kumar 2011). Where sed-
iment infilling has progressed to completion, the course of a palaeochannel is less easily defined.
Remotely-sensed imagery has been utilised as an alternative means to trace the course of pale-
ochannels (J. R. L. Allen and Fulford 1996; Armillas et al. 1956; Bishop and Godley 1994; Boyd
et al. 1999; Page et al. 1996; Stanley and Jorstad 2006), with the added advantage that large areas
can be mapped expediently. In that manner, Christophe. Pottier (1999) and D. Evans (2007) have
used aerial photography and synthetic aperture radar (SAR) respectively, to identify many prior
Angkorian channels. They identified an extensive and complex network of archaeological lineaments
spanning the Angkor Plain, consisting of associations of linear earthen mounds and/or linear depres-
sions. Their work is assumed here to be complete and no further attempt is made to expand on it.
What remains in question is the hydrological interpretation of the identified lineaments which may
be revised after more rigorous ground-based methods of investigation.
Collectively, the archaeological lineaments mapped by Christophe. Pottier (1999) and D. Evans
(2007) cover an area in excess of 2169 km2, 1 which is restrictive to a comprehensive ground-based
investigation of the entire complex. The problem is compounded by the logistical peculiarities of
the rural Cambodian landscape. Efficient transportation of equipment and personnel to a site is
often limited by poorly maintained or absent road infrastructure, particularly in the north of the
Angkor region.2 The use of heavy machinery such as backhoes have occasionally been utilised
1Calculated from a convex hull enclosed around the Angkorian linear features mapped by Christophe. Pottier (1999)
and D. Evans (2007), after exclusion of all shrines and ponds.
2Although the infrastructure around the Angkor region is substantially better than many areas of Cambodia, and
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during field investigations by the University of Sydney’s Greater Angkor Project, due to the great
scale of many Angkorian earthen features, and can be particularly problematic to transport. The
persistent danger of landmines is also a concerning characteristic of the Cambodian landscape, and
may restrict observation of archaeological and/or geomorphological features to the vantage point
of established foot or vehicle tracks. The vast scale of the archaeological lineaments spanning the
Angkor Plain combined with the inherent logistical constraints each contribute to a need to limit
the area of study to a manageable size.
To reduce the aerial extent of the study area, and the sample set of archaeological lineaments,
desktop geospatial methods were employed. The key requirement was that the resulting sample set of
archaeological lineaments must have been active as channels during the latter part of the Angkorian
Period. A channel active during that time would likely be synchronous with the demographic collapse
of Angkor allowing a cause/effect relationship to be assessed with reference to the sedimentary record
preserved within the channel. A combination of geospatial analyses were implemented including
calculation of the hydrological catchment boundaries of the contemporary landscape, and geometrical
analysis of the mapped archaeological lineaments. Gradient analysis was also conducted to determine
the likely direction of flow along the sample set of archaeological lineaments, critical evidence for
discussion of the relationship between channel stratigraphies.
3.1 Defining the Study Area
3.1.1 Hydrological Boundaries
D. Evans had previously used the hydrological catchment of the Angkor Plain, inclusive of the
Roluos and Siem Reap River catchments, as the boundary for his 2007 study. The boundary is
both convenient and appropriate for a study of Angkorian hydrology and has also been adopted
here. However, while the larger catchment boundary defines the study area well, it is inclusive of
the entire network of archaeological lineaments and further reduction of the area was required.
The catchment area was divided into subcatchments using 30 m resolution ASTER3 elevation
data and the “r.watershed” module of the GRASS GIS software package (GRASS Development Team
2012). The module is appropriate for application on the Angkor Plain as it utilises an AT least-cost
search algorithm which provides more accurate results in low slope terrains, and where canopy is
mistaken for ground elevation (Ehlschlaeger 1989). Indeed, tree canopy tends to concentrate along
stream courses on the Angkor Plain, in stark contrast to surrounding cleared ricelands.
The resulting boundary of the catchment area is represented by the composite of subcatchments
presented in Figure 3.1a. The outer catchment boundary is in agreement with that presented by
Kummu (2003, 2009), who used a 1963 50 m Digital Land Surface Model (DLSM) of the Tonle´ Sap
Basin, measured by the US Defence Mapping Agency and digitised by the Mekong River Commission
Secretariat (Kummu 2003). Kummu points out that the 1963 dataset overestimates elevation,
particularly around the central temple zone of Angkor presumably due to the high canopy, and it
is rapidly improving.
3 ASTER GDEM is a product of METI and NASA.
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is therefore likely that the same error is replicated around the temple zone of the ASTER GDEM
utilised here.
The shape of the subcatchments exhibit a northeast to southwest elongation in the direction
of landscape slope (Figure 3.1a), although the presence of the West Baray substantially affects
that trend. Potentially, the subcatchment that consumes the upper reaches of the Puok and Siem
Reap Rivers may once have extended continuously to the edge of the Tonle´ Sap, prior to reservoir
construction. Or, the larger Siem Reap subcatchment may at least have been composed of smaller
units. Of particular note is the occurrence of a very straight subcatchment boundary that correlates
directly with the southwest-bearing archaeological lineament originating from the southwest corner
of the West Baray (Figure 3.1a). This lineament is expressed on the ground as a series of isolated
low mounds with associated but low density vegetation. In contrast, high linear mounds with
dense vegetation, observed in the north of the Angkor region, fail to be similarly represented in
the calculated subcatchment boundaries. The implication is that the curious straight divide in
the southwest is not simply caused by the presence of a low linear mound, or by any associated
vegetation, but is an accurate characteristic of the broader terrain in that area.
Subcatchments were included within the study area by their inferred association with the latter
phases of the Angkorian hydrological system. It was reasoned that if the hydrological system had
any part to play in the demographic collapse of Angkor, channels active during the collapse are
more likely to preserve a contemporary sedimentary record. The “latter phases” of the Angkorian
hydrological system are defined here as inclusive of the period of construction of the West Baray and
the Jayatataka. The great reservoir are the only Angkorian hydrological structures that can be dated
with any confidence, through the epigraphic record4, and these two baray were constructed latterly
in that sequence. Subcatchments represented in Figure 3.1a were included where they intersected
or abutted one of those two archaeological structures, or if they received or supplied drainage to an
intersecting or abutting subcatchment. The reduced area resulting from this procedure is presented
in Figure 3.1b.
A further minor reduction of the study area was achieved by defining the eastern boundary as
the current course of the Siem Reap River, based on the premise that the course of the river is
the last (or current) configuration of the Angkorian hydrological system. It is certain that the Siem
Reap River is the last configuration of the system as it is the only remaining perennial flow that
occurs along a clearly canalised course. It is also certain that the Siem Reap River diverted flow
from the Puok River, given the distributary configuration and straight reaches of the Siem Reap
River that often parallel other archaeological structures (Kummu and Lustig 2005). It follows that
a more substantial flow would have once flowed along the Puok River and towards the West Baray,
along the southern reach of the Great North Channel. That is supported by the preservation of
sands preserved within the Great North Channel stratigraphy that are coarser than could have been
entrained by the current ephemeral flow. The diversion of Angkorian channel flow by the Siem Reap
River therefore represents a shift from west to east. So, where they exist, stratigraphic records of
that shift would be best preserved west of the course of the Siem Reap River, where flow would be
4 Note however that only the period in which construction began can be dated this way; the date at which the
baray fell into disuse is currently speculative.
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(a) Subcatchments of the Angkor Plain calculated from ASTER GDEM. larger to smaller subcatchments
are shaded in darker to lighter tones respectively.
(b) Subcatchments that supply or are supplied by the West Baray or Jayatataka.
Figure 3.1: Reduction of the study region using hydrological parameters of the modern landscape.
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(c) Subcatchments that supply or are supplied by the West Baray or Jayatataka, excluding the area east
of the Siem Reap River.
(d) Subcatchments of the latter baray divided into the management zones of Kummu (2003, 2009),
including the Northern Collector Zone (dark shading), Aggregator and Holding Zone (lighter shading) and
the Southern Distributor Zone (mid-tone shading), from northeast to southwest respectively.
Figure 3.1: Reduction of the study region using hydrological parameters of the modern landscape.
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expected to have been substantially reduced. The resulting reduction of study area is modest, but
nevertheless beneficial, and is presented in Figure 3.1c.
Finally, the study area was subdivided by reference to the management zones defined by Kummu
(2003, 2009). From north to south respectively, these include the northern collector zone, the
aggregator and holding zone, and the southern distributor zone, presented in Figure 3.1d. Division
into management zones does not immediatly reduce the overall study area, but instead defines a
number of convenient conceptual populations of archaeological lineaments within the overall system.
Selection of sites for more intensive investigation could then be distributed evenly between them.
3.1.2 Target Lineaments
The study area was further constrained by prioritising the mapped archaeological lineaments using
quantitative geometrical parameters. Circumstantial observation of numerous Angkorian lineaments
by the Greater Angkor Project indicated that a strategy of compiling a typological classification
of lineaments, based on cross-sectional surface topography, was feasible in theory. Great variation
had been noted in the height of mounds; for example, the Southeast Canal has an associated low
linear mound at Phoum Swei Dankum, whereas the Great North Channel has a very high linear
mound at Phnom Dei (Samuel. Player 2005). However, compilation of such a dataset would require
an extensive field-based project in its own right and was beyond available resources; the strategy
was rejected given that interest here was towards the stratigraphy of Angkorian channel sediments.
Instead, lineaments that could be inferred to have routed greater discharges were preferred for study
based on the assumption that they were more critical to the operation of the Angkorian channel
system, and therefore more likely to preserve a sedimentary record of significant hydrological changes.
Geometric channel dimensions related to discharge can be estimated from aerial imagery. Esti-
mations of channel width derived from aerial imagery have been found to be comparable to ground-
based measurements (Reinfelds 1997), for example. Channel length may also be indicative of relative
discharges in reference to the stream order concept of Strahler (1957), where the cumulative seg-
ments of higher order stream channels tend to be longer, and have higher discharge capacities, than
lower order tributaries. Because of the relationship between planview channel characteristics and
discharge, the geometrical characteristics of the Angkorian archaeological lineaments were utilised
to infer the relative potential discharges between them. This could be readily achieved using the
spatial datasets of Christophe. Pottier (1999) and D. Evans (2007) which were derived from aerial
analyses and also conveniently available as a quantitative and queryable Geographical Information
System (GIS).
Prior to the calculation of basic statistics and further filtering of archaeological lineaments smaller
shrine, mound and pond sites were excluded from the datasets of Christophe. Pottier (1999) and
D. Evans (2007). The enclosure mounds of the great baray were also excluded as these acted as
dykes rather than channels. The two datasets differed slightly in their defined attributes, requir-
ing application of independent filtering procedures. Christophe. Pottier’s dataset was queried to
select categories of “channels” and “mounds”, however, many of the smaller mounds associated
with shrines, ponds and occupation were retained in the resulting subset. Automatic isolation of
Christophe. Pottier’s archaeological lineaments was attempted by applying threshold values to ratios
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of permimeter-to-area, in the expectation that elongate shapes would be represented by higher ratios.
The procedure failed to exclude numerous smaller features and instead the smaller mound features
were excluded manually. D. Evans’s dataset included a category of “raised linear” and isolation of
the lineaments was achieved by simple SQL query.
Once the archaeological lineaments were isolated, threshold values of geometric dimensions
were tested iteratively to incrementally extract lineaments from larger to smaller magnitudes. The
parameters of area and perimeter were utilised given that the mapped lineaments were polygonal and
could be readily calculated; length and width would have required substantial manual digitisation.
A selection of results are presented in Figure 3.2, where archaeological lineaments are extracted
for an incremental reduction of area and perimeter; Figures 3.2a, 3.2c, 3.2e and 3.2g represent
decreasing area, and Figures 3.2b, 3.2d, 3.2f and 3.2h represent decreasing perimeter respectively.
The iteration demonstrates that there is no clear order of archaeological lineaments based on the
magnitude of geometric parameters of the available archaeological datasets. The effect can be
attributed to the fact that the archaeological lineaments mapped by Christophe. Pottier (1999)
and D. Evans (2007) have been subject to hundreds of years of erosion, and are mapped as such.
Use of the geometric parameters of the two raw archaeological datasets is ineffective for inferring
hydrological parameters without first making an interpretation regarding the original continuity of
the mapped archaeological lineaments.
Because a prioritised subset of archaeological lineaments could not be readily extracted from
the archaeological datasets, vectors representing the length of the lineaments were digitised man-
ually based on a visual interpretation lineal continuity. Lineaments were not interpolated beyond
the two observable terminal extents; in other words, only the gaps between fragmentary, but appar-
ently continuous, lineaments were filled in and were not extended beyond the mapped end-points.
Widths were not estimated based on the fact that many lineaments in the archaeological datasets
are represented only by an earthen mound with no associated channel. Following the same proce-
dure as outlined previously, vectors were then extracted incrementally from the longest to shortest.
Lineaments exceeding the mean length of 2450 m were found to represent a manageable selection
of features without losing the overall structure of the system. The resulting features are presented
in Figure 3.3 and show a substantially simplified representation of the Angkorian archaeological
lineaments from that represented by Christophe. Pottier and D. Evans.
3.2 Lineament Flow Direction
The previous section isolated a sample population of archaeological lineaments for more detailed
analysis, however, it is uncertain whether each of them acted to route flow during the Angkorian
Period. Nevertheless, once an interpretation of the hydrological status of each lineament can be
made, by reference to the preserved sedimentological record, the direction that flow was routed
will be critical for discussion regarding the relationship between stratigraphies. Previous experience
working for the University of Sydney’s Greater Angkor Project had shown it is often not possible
to determine the slope direction on the ground because of the very level landscape and alternative
methods were required.
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;
Figure 3.3: Simplified schematic representation of Angkorian archaeological lineaments exceeding a mean
length of 2450 m, excluding enclosure mounds of the great baray .
3.2. LINEAMENT FLOW DIRECTION
The topographic gradient was calculated from a digital dataset along each lineament identified in
Section 3.1.2 as a proxy for the longitudinal gradient of each confirmed Angkorian channel. Transects
were digitised for each selected archaeological lineament, their locations presented in Figure 3.4.
Each transect was imported into GRASS GIS and topographic profiles calculated using the ‘r.profile’
module against 30 m resolution ASTER5 elevation data. Profiles were presented with exaggerated
y-axes to enhance visual interpretation; average slope was indicated by fitting a black-dashed line
through each profile, which were exaggerated ten-fold and displayed as red-dashed lines to assist
interpretation over low gradients. Transects A–A’ to R–R’ are presented in Figures 3.5a to 3.5r
respectively.
The topographic analyses give an immediate sense of how water might have moved through the
system, assuming that each lineament represented can be regarded as a prior Angkorian channel.
Transect A–A’ confirms expectation that the northern reach of the Great North Channel would have
flowed from north to south. Transects B–B’ and C–C’ show that the two associated left-bank branches
would feed water into the Great North Channel. In contrast, transect D–D’ shows that left-bank
branch to flow away from the Great North Channel. Right-bank branches also show variability of
flow direction, with E–E’ and F–F’ showing those associated branches to flow towards and away from
the Great North Channel respectively. Transect G–G’ shows the short northwest-bearing lineament
to flow away from the Puok River. In general then, it appears that the areas north and northeast of
the Great North Channel would have routed water into that channel and are therefore “collectors” in
the sense of Kummu (2003, 2009). However, the areas south and west of the Great North Channel
would appear configured to distribute water towards the west.
To the south of the Puok River Transect H–H’ confirms that the southern reach of the Great
North Channel would also have flowed from north to south. Transect I–I’ similarly confirms an
equivalent slope direction for the Lesser North Lineament. Transect J–J’ shows that in contrast
to expectation a channel associated with the Eastern Lineament would have flowed from east to
west and therefore been supplied from the Siem Reap River. Similarly, transect K–K’ shows that an
associated channel of the Jayatataka Dogleg would flow westward, but has previously been proposed
to have flowed towards the east (R. Fletcher, Penny, et al. 2008).
Transect L–L’ shows a landscape dip towards the west along the Western Lineament, the western
extension of the Eastern Lineament, indicating that in the presence of an open-channel water would
flow in that direction. It is generally extrapolated that other east-west bearing channels within the
central Angkor region were therefore likely to have routed flow westwards. Transect M–M’ shows the
landscape slope dipping towards the south as expected and it is is similarly extrapolated that other
north-south bearing channels within the zone would have routed flow southwards.
Transect N–N’ shows the landscape dip along the Angkor Wat Canal to be towards the south
as expected. Transect O–O’ shows that along the northwestern reach of the Southeast Canal the
landscape dip is generally towards the northwest, in contrast to previously intuited interpretations.
Transect P–P’ shows the slope along the Southwest Canal to be equivalent to the Angkor Wat
Canal, dipping towards the south. Transect Q–Q’ is identified by Hendrickson (2010) as the road to
Sdok Kok Thom, although some hydraulic function at the section proximal to Angkor has not been
5 ASTER GDEM is a product of METI and NASA.
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Figure 3.5: Topographic profile analyses of transects A–A’ to G–G’, measured using 30 m ASTER data.
Black dotted lines are a linear regression plotted through each transect to indicate the general topographic
gradient, the same regression emphasised by a factor of ten by the red dotted line.
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Figure 3.5: Topographic profile analyses of transects H–H’ to N–N’, measured using 30 m ASTER data.
Black dotted lines are a linear regression plotted through each transect to indicate the general topographic
gradient, the same regression emphasised by a factor of ten by the red dotted line.
3.3. DISCUSSION
(o)
(p)
(q)
(r)
Figure 3.5: Topographic profile analyses of transects O–O’ to R–R’, measured using 30 m ASTER data.
Black dotted lines are a linear regression plotted through each transect to indicate the general topographic
gradient, the same regression emphasised by a factor of ten by the red dotted line.
discounted. The landscape can be seen to dip towards the northwest, and would make the lineament
a primary route to the west. Transect R–R’ is a western extension of the Western Lineament, which
is shown to similarly dip to the west. The lineament is considered separately to the main segment
of the Western Lineament because of the change of course that occurs in close proximity to a
management zone boundary.
3.3 Discussion
Pursuing an investigation of Angkorian channels sediments posed an immediate challenge of locat-
ing a representative sample of sediment profiles. Each location required that it was a previously
operational Angkorian channel, either buried or surficial, but also that the channel had been a key
component of the system. The archaeological maps of Christophe. Pottier (1999) and D. Evans
(2007) provided the critical foundation to solve the problem, having mapped a vast complex of
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extensive archaeological lineaments consisting predominantly of linear earthen mounds, but also
channels. However, it could not be discounted that each linear mound had previously included
an associated Angkorian channel, which was now buried beneath sediments. It could neither be
discounted that a mapped channel may simply be an open-depression caused by the drainage of
water banked against a linear mound during the monsoon season. There is also the well-known
Angkorian road/canal conundrum where construction of one invariably produces the characteristics
of the other. To address those issues a preliminary survey was conducted using a combination of
broader-scale topological analysis, ground observations, and GPR survey.
Broad topographic analysis was conducted along key archaeological lineaments and provided
critical interpretative insights as to the potential flow paths through the system. It was found that
the slope parallel to north-south bearing lineaments invariably dipped towards the south as was
expected, but east-west or oblique bearing lineaments were more variable.
Within the Trans-Puok Collector Zone topography largely conformed to expectation with left-
bank branches dipping westwards towards the Great North Channel, although the Near-Northeastern
Lineament was found to dip towards the east for much of its length. Right-bank branches were
found to be variable with the Far-Northwestern Lineament dipping eastwards towards the Great
North Channel, and the Near-Northwestern Lineament dipping westwards. It would appear then
that not all of the branches can be interpreted as “collectors” in the sense of Kummu (2003, 2009).
However, the right-bank branches were disregarded as Angkorian features and the Near-Northeastern
Lineament was found to be intersected by a stream channel near to its confluence, and may only
have required that short reach to “collect” flow for the system. From simple topological analysis
therefore, the Great North Channel is confirmed as the primary flow pathway within the Trans-Puok
Collector Zone, subsequently debouching into the Puok River.
The Cis-Puok Collector Zone was of key interest with both the Eastern Lineament and the
Jayatataka Dogleg dipping towards the west, and towards the Great North Channel. It had previously
been interpreted that the Jayatataka Dogleg had flowed eastwards, and therefore also the Eastern
Lineament by association (R. Fletcher, Christophe. Pottier, et al. 2008). The alternative finding
here represents a fundamental shift for the interpretation of the hydrological recharge of the Cis-
Puok Collector Zone. Not only was the Great North Channel recharged from the Puok River, which
it abuts, but also from the Siem Reap River to its east. The Great North Channel is therefore
also shown to be the primary flow pathway within the Cis-Puok Collector Zone, although specific
pathways beyond its course towards the Aggregator Zone would appear more complex. The fact
that the Siem Reap River was itself an engineered Angkorian canal also provides the first terminus
ante quem that is possible to deduce from the Angkorian water management system, the Eastern
Lineament and the Jayatataka Dogleg certainly post-dating the Siem Reap River from which they
were supplied.
Inferences on flow pathways were more difficult to draw from the Aggregator Zone and the
Holding Zone. The frequent occurrence of monumental temples and tall tree canopy were captured
in the DLSM and could not be used to confidently interpret landscape slope along the predominantly
short archaeological lineaments. Nevertheless, two broader observations clearly demonstrated a
southward dip for lineaments oriented north-south, and a westward dip for lineaments oriented east-
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west. The finding was expected but its confirmation critical as it demonstrates that water routed
through the Aggregator Zone would moved towards the West Baray. It follows then that the northern
complex of channels operated in service of the West Baray. While the system may have developed
over time, the primary routes of the system are likely to have been constructed contemporaneously
with the West Baray.
A much simpler configuration of archaeological lineaments occur within the Southern Distributor
Zone, and the southwest bearing examples conform to expectation by dipping towards the southwest
and towards the great lake Tonle´ Sap. However, the Southeast Canal spanning between the West
Baray and the great lake Tonle´ Sap, was not found to dip towards the lake. Its reach west of the
course of the Angkor Wat Canal was found instead to dip towards the northwest and again represents
a fundamental reinterpretation of the system. A clear flow pathway can now be inferred between the
Angkor Wat Canal, the Southeast Canal, the West Baray channel grid, and the Southwest Canal.
3.4 Conclusion
The vast area spanned by the relict Angkorian archaeological lineaments could not be examined in its
entirety in the current study and some means of reducing the sample size was necessary. The desktop
terrain analyses presented in this chapter have reduced the study area using available environmental
and archaeological datasets.
The aerial extent was reduced by dividing the hydrological catchment encompassing the Angkor
Plain into smaller subcatchments and then including those subcatchments whose drainage pathways
intersected one of the two latter-stage Angkorian baray . The area to the east of the course of the
Siem Reap River was also excluded as it can be shown that a shift of flow must have occurred from
west to east, and the course of the Siem Reap being the final configuration of that shift. Evidence of
that change is therefore more likely to have been preserved in the sedimentary record within channels
to the west of the course of the Siem Reap.
A selection of archaeological lineaments preferred for study were identified by manually inter-
preting the continuity of their mapped remains. The lineaments exceeding the mean length were
arbitrarily extracted based on the assumption that longer lineaments might have been more critical
to the system, in the same manner that higher order Strahler streams tend to be longer and dis-
charge higher volumes. The longitudinal gradients of the selected lineaments, using the adjacent
contemporary ground surface as a proxy, were then analysed to feed into later discussion regarding
the functionality of the system once it can be ascertained which lineaments acted as channels during
the Angkorian Period.
Selection of study sites for examination of the sedimentary record could be made in a random
manner using the results obtained in this chapter. However, it was preferred that direct observation
of the archaeological lineaments be made beforehand to increase the likelihood that lineaments that
previously routed flow were selected. The results presented in this chapter led directly to the design
of a ground-based survey, generally to acquire more detailed observations of the water management
system as a whole, but specifically to identify locations for more detailed investigation.
50
Chapter 4
Ground Survey
This chapter presents a ground survey conducted in order to document and analyse the characteristics
of Angkorian archaeological lineaments that were situated within the study area defined in the
preceding chapter, with the aim to provide further locational focus to the investigation. Because it
was uncertain whether a given lineament had previously acted to route water, GPR was utilised for
rapid assessment of the subsurface stratigraphy. The survey proceeded in a partially opportunistic
manner; while focus was given to the reduced selection archaeological lineaments identified in the
previous chapter, nearby lineaments were also examined where they were readily accessible. At each
archaeological lineament, evidence of a surficial or buried channel structure was noted and used to
assess the potential operation of the Angkorian hydrological system and select a number of locations
for examination of stratigraphy. Survey results are presented from north to south, grouped according
to the hydrological management zones defined by Kummu (2003, 2009).
4.1 Ground-penetrating Radar
At the time that the current work was initiated, GPR had only been sporadically utilised at Angkor,
but had been observed by the Greater Angkor Project to have a good response to buried Angkorian
architectural structures, such as laterite walls (Sam. Player et al. 2006). Much less clear was
the signal response to geological boundaries of unconsolidated sediments, although some regolith
boundaries could be traced in the imagery acquired during surveys targeting architectural structures,
and so there was certainly potential for the method. Compared to other available methods, GPR
was regarded as most suitable for the current work because of its ability to resolve the shape of
subsurface stratigraphy as a depth-plot, which was essential for interpretation of channel structures.
GPR is a well-established shallow geophysical method widely applied in both the environmental
and archaeological disciplines. The method has been used to identify and characterise buried fluvial
channels, visualising within-channel morphological components such as scour surfaces, point bars
and thalwegs (Wyatt and Temples 1996). It has also been applied on more quantitative bases for the
measurement of channel geometrical characteristics commonly used in hydrological calculations, such
as the width/depth ratio (Vandenberghe and Van Overmeeren 1999). The method has also been
used beyond the immediate fluvial zone for the reconstruction of floodplain sequence stratigraphy
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(Gourry et al. 2003; Ruffell et al. 2004). More dynamic processes such as water table levels have
also been mapped successfully (Doolittle et al. 2006). Archaeological ditches (Murdie et al. 2003;
Schleifer et al. 2003) and canals (R. E. Jones et al. 2000) have been identified using GPR, as has
the internal structure of earthen mounds (Persson and Olofsson 2004).
GPR is an active geophysical method that measures the two-way travel time and amplitude
of an emitted electromagnetic pulse, at a frequency within the radio band of the electromagnetic
spectrum. When the signal encounters a change in the electrical properties of the medium it travels
through, the signal is partially refracted and reflected. In shallow applications, which typically utilise
high frequencies between 10 to 1000 MHz, the dielectric constant, or relative permittivity, are used
to describe the electrical properties of materials. At these high frequencies, polarisation properties
tend to be dominant relative to conductive properties for many geological materials (Davis and
Annan 1989). Water in particular affects the relative permittivity of unconsolidated materials (Topp
et al. 1980). Indeed, Conyers (2004) regards water as the primary factor affecting the quality
of results in GPR surveys, at least in archaeological applications. The predominance of water in
affecting GPR results is potentially due to the fact that many other properties regarded to affect
dielectric permittivity, such as particle-size distribution, bulk density and temperature, can each have
a significant effect on the retention of water, whereas other properties such as elemental composition
do so to a much lesser degree.
The vertical resolution of GPR imaging is achieved by measuring the two-way travel time of the
reflected electromagnetic pulse. The velocity of wave propagation is represented by Equation 4.1,
which assumes low electrical conductivities (Chan et al. 2001):
V =
C√
K
(4.1)
where
V is the velocity of the radar energy propogating through the medium (m/ns),
C is the speed of light (m/ns),
K is the relative dielectric permittivity (RDP) of the medium.
Given the velocity and the two-way travel time of a reflected signal, the depth of the dielectric bound-
ary can be readily calculated. Depth resolution in geophysical imagery is critical for identification
of channel-structures as it is largely based on the presence of channel-shapes in vertically-oriented
cross-sectional profiles. Absolute depth was not calculated for the data collected in the ground
survey conducted here as it was not critical for identification of channel structures. Because of the
opportunistic nature of the work, topographic correction was not applied to the data meaning that
a transect measurement that traversed a mound would often and almost perversely appear as a
channel-shaped structure, with the base of the mound appearing as a continuous reflective boundary
that dipped and rose in the imagery in correspondence with the GPR antenna rising up and over
the mound. Whether a channel-shape was in fact a channel or mound was based on a review of
the spatial association of the transect with the mapping of Christophe. Pottier (1999) and D. Evans
(2007), notes taken during the survey and photographic record of the transect ground surface.
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(a) Monitor, battery, GPS, anntenane, with attached
control unit and wheel, from left to right respectively.
(b) GPR ready for operation.
Figure 4.1: Configuration of MALA X3M GPR.
4.2 Field Procedure
The study area boundaries and the datasets of Christophe. Pottier (1999) and D. Evans (2007), were
loaded into a GPS-enabled handheld PDA. The GPR was transported by tuk-tuk1 as close to each
marked segment as possible. Where archaeological lineaments were densely clustered, the tuk-tuk
was abandoned and the GPR transported around the area by hand. During transportation, whether
by hand or tuk-tuk, the GPR was wrapped in a foam mattress for protection, which was rolled and
strapped to top of the apparatus during operation.
On reaching a mapped lineament the presence of a linear mound and/or open depression was
documented and a photographic record collected. Where possible, a GPR transect was measured
cross-sectionally to the linear bearing of the archaeological lineament using a MALA X3M control
unit, configured with a 250 MHz shielded antennae and a 150 mm diameter distance measuring
wheel. The system was pulled with a rope and the monitor suspended from the operators neck using
a traditional Cambodian Krama (Figure 4.1). A Trimble GXM 2005 GPS receiver was used to map
each recorded radar transect. Transect topology was not measured due to time constraints but was
instead noted and photographed to assist subsequent interpretation of the processed radargrams.
Measured GPR profiles were observed in the field and also processed at the end of each day
to examine them for evidence of buried channel structures. Processing was achieved using the 2-D
module of the ReflexW 2.1.1 software package (Sandmeier 1998) and predominantly included a
combination of static correction, application of a gain function, and mean subtraction to smooth
the data. Each processed radargram was exported to a 3-column ASCII format and plotted for
presentation using the R statistical software package (R Core Team 2014).
1Mr Hen Chenda was employed for the duration of the survey to transport personnel and equipment, and to assist
with all field procedures.
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4.3 The Northern Collector Zone
The Northern Collector Zone is defined by Kummu (2003, 2009) as the area on the Angkor Plain
upslope of the 28 m contour. The configuration of the archaeological lineaments within the zone is
particularly striking for their cardinal orientation. On brief examination of Christophe. Pottier (1999)
and D. Evans’s (2007) archaeological map, attention is drawn to an an extensive north-south bearing
lineament, which spans from the foot of Phnom Kulen to the gate of the northern enclosure wall
of Angkor Thom, a distance of up to 19 km. It has been referred to as the “Great North Channel”
(R. Fletcher, Penny, et al. 2008), which is an appropriate categorisation given its length and the
presence of a distinct and associated surface depression which is commonly inundated during the
summer monsoon. Previous work by the Greater Angkor Project has also demonstrated the presence
of buried fluvial sediments within the open-depression east of a high linear mound, at least south
of the Puok River (Samuel. Player 2005). The Great North Channel provides an hydraulic link
between the headwaters of the Puok River catchment and the main Angkorian population center.
It is therefore reasonable to presume that the channel was a primary conduit of flow within the
Northern Collector Zone, and a reasonable focus of the current study.
North of the Puok River, the Great North Channel is a common axis of confluence for a number
of shorter east-west bearing linear branches (Figure 4.2). The three most extensive branches on the
eastern side of the Great North Channel are referred to here as the Far-Northeastern Lineament,
the Mid-Northeastern Lineament and the Near-Northeastern Lineament from north to south respec-
tively. On the western side, two major lineaments are noted and refered to as the Far-Northwestern
Lineament and the Near-Northwestern Lineament. Extending from the Aggregator and Holding
Zone a northwest-bearing lineament has previously been identified as the road to Phimai in modern
Thailand (Hendrickson 2007). A shorter northwest-bearing lineament abuts the Puok River near to
the Great North Channel and could be an alternate fork of the Phimai Road, but with potential
hydraulic function.
South of the Puok River the configuration of archaeological lineaments within the Northern
Collector Zone is far more complex. A number of north-south bearing lineaments appear to abut
the course of the Puok River with equally numerous east-west bearing lineaments intersecting them
(Figure 4.3). Two key north-south bearing lineaments include the southern reach of the Great North
Channel, and a parallel lineament to its west refered to here as the Lesser North Lineament. Two
key east-west bearing lineaments include the Eastern Lineament and the Jayatataka Dogleg. The
Eastern Lineament occurs to the north spanning between the Great North Channel and the course
of the Siem Reap River. It appears to also have a western extension, but the Great North Channel
acts to dissect the two east-west segments and they are considered here separately. The Jayatataka
Dogleg extends between the Great North Channel and the Jayatataka baray by a series of dog-leg
turns. The distinctive lineament is technically within the Aggregator and Holding Zone but the
28 m contour correlates closely with the lineament and it is suggested that Kummu (2003, 2009)
intended the zone boundary to conform to it. The Jayatataka Dogleg is therefore included within
the Northern Collector Zone for purposes of this study.
Survey results of the Northern Collector Zone are presented as follows from north to south,
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;
Figure 4.2: The northern segment of the Great North Channel. The locations of measured GPR transects
mentioned in the text are indicated by white circles. The boundary of the figure is indicated by a red
rectangle in the inset.
with focus along the Great North Channel. The locations of GPR transects mentioned in the text
are presented in Figures 4.2 and 4.3 and are used for spatial reference. Descriptions, aerial plans,
photographic records and processed radargrams can be viewed in Appendix A.
4.3.1 The Great North Channel (Northern Reach)
The northern reach of the Great North Channel emerges from the foothills of Phnom Kulen, and
bears directly south until it intersects with the course of the Puok River (Figure 4.2). The reach is
mapped as a singular channel bounded by embankments on either side, with the western embankment
notably thicker in plan-view. On the ground, the western embankment is very prominent in height
and rises to at least 6 m along much of its length (Figure 4.4a), although further north the height
of the mound reduces gradually until becoming imperceptible. Flanking the high embankment to
its immediate east is a distinct open depression with a moist surface (Figure 4.4b). An eastern
mound was not observed during the survey. Ground-penetrating radar lines were measured cross-
sectionally across the channel and mound at lines 0131-01 , 0131-12 , 0131-11 , 0203-05 and 0203-04 from
north to south respectively. Each radargram showed clear evidence of a deep and approximately
20 m wide channel on the eastern side of the high linear mound associated with the Great North
Channel. Line 0203-03 was measured further south of the previous following a track bearing west of
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;
Figure 4.3: The southern segment of the Great North Channel. The locations of measured GPR transects
mentioned in the text are indicated by white circles. The boundary of the figure is indicated by a red
rectangle in the inset.
the linear mound. It showed evidence of a channel approximately 50 m west of the mound.2 South
of line 0203-03 , the open depression east of the linear mound was inundated with free surface water
inhibiting further geophysical survey.
(a) High and wide linear embankment
exposed by vegetation clearing, looking
northeast.
(b) Channel, looking south.
Figure 4.4: Northern reach of the Great North Channel.
2A western channel is clearly mapped along the southern reach of the Great North Channel and is the only evidence
existing suggesting the occurence of an equivalent channel to the north.
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4.3.2 The Left Bank Branches
A series of short and approximately east-west bearing archaeological lineaments branch along the left
bank of the northern reach of the Great North Channel. The Far-Northeastern Lineament intersects
the Great North Channel at 1501750 m N (UTM) and has a somewhat irregular course bearing
towards the southwest rather than along a cardinal direction. A low linear mound was observed on
the ground with a wide and shallow open depression on its northern side (Figures 4.5a and 4.5b).
GPR lines 0131-07 and 0131-10 were measured cross-sectionally to the bearing of the lineament but
found no evidence of a subsurface channel in the processed radargrams, although the base of the
mound was observable in line 0131-10 and substantial attenuation presumably due to the density of
the mound.
Towards the northeast and near to its mapped terminus, the Far-Northeastern Lineament inter-
sects the course of a modern stream channel, although the specific configuration was unclear as the
mound was untraceable at ground level, partly due to a patchwork of thick vegetation. The stream
channel is a likely source of recharge for the open-depression associated with the archaeological
lineament, broader topographic profile analysis previously confirming the landscape slope dipping to-
wards the west. Near to the terminus of the lineament at the intersection with the modern channel,
a modern concrete weir has been constructed (Figure 4.5c). Severe channel erosion was observed
immediately downstream of the weir incising up to at least 2 m depth over the 5 m of observable
downstream reach (Figure 4.5d).
Further south, at 1500266 m N (UTM), a smaller left bank branch of the Great North Channel
bears towards the east in a very straight reach. No trace of either a linear mound or depression
could be detected from the ground using the available access routes at the time of survey. GPR line
0203-01 was measured across the lineament but only near-surface point reflectors could be traced in
the imagery. The feature was therefore rejected here as an Angkorian archaeological lineament.
The Mid-Northeastern Lineament intersects the left-bank of the Great North Channel at 1499385
m N (UTM) and bears east in a slightly irregular course, turning slightly to the north just after
half of its length. On the ground a high and wide linear mound was clearly observed, with an
open depression flanking the northern side (Figure 4.6a). GPR line 0203-02 clearly showed a zone
of deeply reflective materials at least 10 m wide. Broader topographic profile analysis previously
showed that an active channel would direct flow from east to west, towards the Great North Channel
and indicate the Mid-Northeastern Lineament to have been a collector channel. Blue and white
Chinese pottery was also observed as surface scatter at the eastern terminus of the lineament at
378107 m E 1498504 m N (UTM), indicating the feature may have also had a residential focus.
The Near-Northeastern Lineament is another slightly irregular but largely east-west bearing linea-
ment occurring further south at 1498548 m N (UTM), this time bending slightly towards the south.
At ground level, the lineament consisted of a low and wide linear mound but with no indication
of an open-depression. GPR line 0204-01 was measured across the lineament. A mostly continuous
boundary reflector indicating a buried surface was detected at depth and found to dip in association
with traversal of the low linear mound. The suggestion is that there may have been substantial
aggradation of the ground surface on either side of the mound since its construction. The lineament
does not otherwise show surficial or geophysical evidence of a channel structure, although the GPR
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(a) South side of a low and wide linear
mound, looking southwest.
(b) Surface depression at northern flank
of a low and wide linear mound, looking
northeast.
(c) A weir directing contemporary stream
flow, near to the terminus of a low linear
mound.
(d) Severe channel erosion on the immedi-
ate downstream side of a weir.
Figure 4.5: Surface morphology of the Far-Northeastern Lineament.
(a) Surface depression on the north side of
a low and wide linear mound, looking west.
(b) Cutting through a heavily vegetated
low and wide linear mound, looking north-
east.
Figure 4.6: Surface morphology of the Mid-Northeastern Lineament.
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lines were measured at the eastern end of the lineament and hydraulic capacity proximal to the Great
North Channel cannot be discounted. Broader topographic profile analysis has previously indicated
that the slope along the lineament dips broadly towards the east and away from the Great North
Channel, but it can be seen to be more level towards the west. Indeed, a modern stream channel
dissects the archaeological lineament towards the west and was observed to flow westwards along
the far western portion of the Near-Northeastern Lineament. It could be inferred that sediments en-
trained by incision of the same stream channel at the northeastern terminus of the Far-Northeastern
Lineament, may have deposited that sediment load here at the Mid-Northeastern Lineament.
Figure 4.7: Surface morphology of the Near-Northeastern Lineament.
Two small left-bank lineaments are mapped intersecting the Great North Channel further south
at 1497700 m N (UTM) and 1497412 m N (UTM). In mapped plan-view, both lineaments are very
thin compared to others previously accepted as Angkorian in the current study. The more northern
lineament was observed as a low linear mound (Figure 4.8a), however, there was no evidence of
a surface depression or indication from GPR line 0204-03 that a buried channel existed there. An
Angkorian shrine and rectilinear mounds are mapped in the area beyond the termini of the lineament,
and a moat was observed on the ground (Figure 4.8b). It is suggested here that the functionality of
the lineament may have related to those archaeological features. The second lineament further to
the south could not be detected on the ground during this survey.
The most southerly left bank lineament abutting the Great North Channel north of the Puok
River within the Northern Collector Zone is a curious curvilinear feature extending from near to the
left bank of the Great North Channel, at the confluence with the PuokRiver, westwards in a broad
curve until it bears north. At ground-level the feature can be readily observed as a prominent and
thickly vegetated high linear mound (Figure 4.9a), restricting GPR measurement over the feature.
A width of ground following the northern flank of the mound was clear of vegetation and utilised
as a ricefield (Figure 4.9b). Although a surface depression could not be distinguished visually, the
clear ground was slightly more moist than the mound or the vegetated ground further north. GPR
line 0204-04 was measured across the clearing, but because of the short length interpretation was
inconclusive. It was suspected that the lineament likely did have hydraulic functionality as although
the presence of a channel could not be confirmed, the curvilinear shape of the mound would have
acted to substantially impede and capture overland flow.
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(a) A low linear mound. (b) Angkorian prasat at the terminus of
the low mound.
Figure 4.8: An archaeological lineament branching from the far south left-bank of the northern
reach of the Great North Channel.
(a) A high and wide embankment. (b) A linear clearing flanking the north side
of a mound, utilised as a ricefield.
Figure 4.9: A curvilinear archaeological lineament branching from the far south left-bank of
the northern reach of the Great North Channel.
4.3.3 The Right-Bank Branches
Two right-bank east-west bearing archaeological lineaments branch from the north of the northern
reach of the Great North Channel. A smaller lineament also branches from the south of the reach,
but was not investigated here. The Far-Northwestern Lineament meets the Great North Channel at
the same location as the Far-Northeastern Lineament at 1501715 m N (UTM). It is mapped with
a very straight reach and bearing directly west. Ground observation confirmed that the lineament
included a surficial hydraulic structure, consisting of two short and thin parallel embankments with
a narrow channel (Figures 4.10a and 4.10b). The configuration was in contrast to the single linear
mound and open-depression observed elsewhere, as was the much lower width-to-height ratio of the
embankments, and lower width-to-depth ratio of the open-depression. A concrete weir at the con-
fluence with the Great North Channel suggested that the entire lineament is a modern construction.
The steep slope of the embankments are particularly indicative given that these would be unlikely
to maintain such a geometry over hundreds of years in the tropical Cambodian environment. Never-
theless, broader topographic profile analysis (Figure 3.5e) indicates that water would flow eastwards,
towards the Great North Channel.
A similarly straight-reached right-bank lineament was observed further south at 1500364 m N
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(UTM) and was composed of two low parallel mounds, bounding a channel of similar width to
that previously discussed. Although the width-to-height ratio of the mounds were greater than the
previous lineament, they were very low, steep-edged from recent maintenance, and composed of
loose materials in contrast to the dense materials observed in Angkorian mounds. The lineament is
therefore similarly regarded not to be Angkorian. In this case however, broader topographic profile
analysis (Figure 3.5f) indicates that water would flow westwards, away from the Great North Channel.
(a) Short narrow embankments bounding
a channel, looking west.
(b) View along a narrow channel, towards
a weir to the west.
Figure 4.10: An archaeological lineament branching from the far north right-bank of the Great
North Channel (northern reach).
(a) Low southern embankment, looking
southwest.
(b) Low northern embankment, looking
northwest.
Figure 4.11: An archaeological lineament branching from the nearer north right-bank of the
northern reach of the Great North Channel.
4.3.4 The Puok River Confluence
The Great North Channel is bisected into two reaches by the course of the Puok River. Closer
observation of the mapped archaeological configuration shows that the linear mound is built around
the River, and not incised by it (Figure 4.12). The mound of the Great North Channel diverts sharply
to the southeast immediately prior to the confluence in clear disconnect with the continuation of the
linear mound south of the river.
A notable feature of the contemporary morphology of the Puok River is the occurrence of broad
pools immediately east of the confluence with the Great North Channel that continue until the
diversion of the Siem Reap River upstream to the east. Once the River passes the archaeological
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Figure 4.12: Confluence of the Puok River and the Great North Channel.
lineament to the west, the channel becomes confined to a narrow width. Clearly, the presence of the
Great North Channel interrupts the flow of the Puok River and has altered its planview channel mor-
phology. During ground survey, sand mining operations were evident in this area of the Puok River,
taking advantage of apparently deep deposits. The large pit observed was operating immediately
adjacent to the channel of the Puok (Figure 4.13a). The sands being extracted contains substantial
quantities of fine gravels, which were being separated from the sand by sieving (Figure 4.13b), and
indicating once vigorous flows. Organic units were observed in section from a distance, meaning that
there is potential to date the deposits by radiocarbon methods. However, no samples were taken
for the current study as the proximity of the course of the Puok to the pit edge was exceedingly
dangerous.
(a) Sand mining pit. The course of the
Puok Fiver flows beyond the immediate
horizon.
(b) Fine gravel separated from the mined
sand.
Figure 4.13: Sand mining operations adjacent to the left-bank of the Puok River, west of the
confluence with the Great North Channel.
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4.3.5 The Great North Channel (Southern Reach)
Broader topographic profile analysis has previously demonstrated that the landscape slope dips to the
south along the southern reach of the Great North Channel. The prominent linear mound observed
along the northern reach of the Great North Channel becomes re-established south of the Puok River
(Figure 4.14b), as does a linear open depression flanking the mound on its eastern side. In contrast
to the northern reach there is some indication of a linear open depression flanking the linear mound
on its western side, although it is difficult to trace on the ground continuously. Figure 4.14a shows
a view looking north from within the open depression of the Great North Channel, towards the Puok
River visible in the central distance of the image. There are no observable physical obstructions
between the open depression associated with the southern reach of the Great North Channel and the
Puok River. It follows that overflow of the Puok River would recharge the open depression. Given
the disconnect between the high linear mound to the north and south of the confluence, it is likely
that the flow of the Puok River was never captured in full.
Immediately south of the Puok River, the western open depression is very shallow but is clearly
observable as a grassy clearing bounded on either side by thick vegetation (Figure 4.14c). GPR line
0207-08 was measured across the lineament and the eastern channel could be traced clearly in the
imagery, but there was no indication of subsurface deposits beneath the open depression flanking the
west of the mound. GPR line 0207-03 was measured further south and gave equivalent results. GPR
line 0207-02 was measured further south but only on the western side of the linear mound because
of free water within the open depression on the eastern side of the mound (Figure 4.14d). Evi-
dence of subsurface reflectors occurred precisely where the transect topography suggested a channel
might have existed. Free water in the eastern open depression prevented further measurement of
geophysical lines to the south.
4.3.6 The Lesser North Lineament
Parallel and to the west, the Lesser North Lineament mirrors the course of the southern reach of
the Great North Channel. The lineament continues south into the Aggregator and Holding Zone
where evidence of a channel can be traced on the ground but the high linear mound does not.
The lineament abuts the Puok River at its northern terminus in similar configuration to the Great
North Channel and the topographic slope was also confirmed to dip southwards in the topographical
profile analysis. Its northern abutment with the Puok River is immediately suggestive that it was
similarly a channel that routed water southwards, although the supposition is far less certain as
there was no free water to demonstrate a route of flow. At the northern reach of the Lesser North
Lineament, a single low and wide mound was observed and with a very slightly discernable shallow
and open depression flanking its eastern side (Figure 4.15a). The morphology is much the same
at the southern reach (Figure 4.15a). GPR lines 0201-05 , 0209-01 and 0209-03 were measured along
the Lesser North Lineament from north to south respectively. Processed radargrams did not detect
the presence of buried channel structures in lines 0201-05 , 0209-01 , but strong shallow reflectors were
detected on the immediate eastern side of the mound in line 0209-03 . Notably, 0209-03 is south of the
confluence of the Lesser North Lineament and and east-west bearing lineament that connects with
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(a) Junction of the Great North Channel
and Puok River, looking north.
(b) High linear mound, looking west.
(c) Shallow western channel, looking south
from the confluence with the Puok River.
(d) Free water in the eastern channel ap-
proximately mid-way along the length of
the lineament, looking east.
Figure 4.14: The southern reach of the Great North Channel.
the Great North Channel, and which also shows evidence of a subsurface channel (see Section 4.3.8).
The implication is that a conduit of flow was diverted west from the Great North Channel and into
the Lesser North Lineament along that east-west bearing lineament.
(a) Low linear mound at the northern
reach.
(b) Low linear mound at the southern
reach.
Figure 4.15: The Lesser North Lineament.
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4.3.7 Northeastern Distributors
To the immediate east of the southern reach of the Great North Channel, at its confluence with
the Puok River are a complex of archaeological lineaments that appear associated with a dense
concentration of trapeang . The close proximity of the lineaments to the course of the Puok and
association with Angkorian trapeang would suggest a prior hydraulic function and a selection were
investigated here. An east-west bearing lineament abutting the Great North Channel was found not
to show evidence of a subsurface channel in GPR line 0205-03 , but was clearly bounded by two parallel
and low linear mounds (Figure 4.16a). The two mounds continue east before bearing abruptly south
where GPR line 0205-02 similarly showed no indication of a subsurface channel structure. However,
the two parallel linear mounds would have been adequate structures for routing open channel flow
(Figure 4.16b). East-west bearing archaeological lineaments intersecting the previous north-south
lineament were also investigated. GPR line 0205-01 found a single mound structure to be observable
on the ground but with no associated surface or subsurface channel structure. In contrast, GPR line
0205-04 was found to include evidence of a deep channel-shaped structure.
(a) Low linear mound. (b) Channel bounded on either side by low
linear mounds.
Figure 4.16: Northeastern distributors.
4.3.8 Minor East-West Segments
Between and either side of the Great North Channel and the Lesser North Lineament a number of
east-west bearing lineaments appear to connect the two features. The most northerly example was
near to the temple Phnom Dei near the course of the Puok River but was difficult to observe because
of thick vegetation. No trace of a mound structure was observed at GPR line 0207-10 which neither
showed evidence of a subsurface channel structure. Potentially, the lineament does not connect
with the Great North Channel but instead is a continuation of a north-south bearing lineament
immediately to the north. That north-south lineament was investigated at GPR line 0207-04 , which
was measured across a distinct and moist open-depression and showed strong associated shallow
reflections. The east-west segment further south was investigated in GPR line 0201-06 but could
not be accurately located because of GPS failure (radargram is excluded from Appendix A). Strong
subsurface reflectors could be observed in the resulting imagery but was not clearly channel-shaped
and could not be confidently interpreted because of the lack of locational information. Further south,
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a clear channel-shaped structure was observed in GPR line 0207-01 , strongly suggesting that hydraulic
interchange had once occurred between the lineament and at least the Great North Channel, possibly
to service an Angkorian trapeang located along its length. An equivalent structure occurs further to
the immediate south showing no clear subsurface evidence of a channel structure in GPR line 0209-05
but with a comparable surface open-depression (Figure 4.17b). A broad channel-shaped structure
was also observed in an east-west segment further south in GPR line 0209-04 . Channel-shaped
structures were only confidently observed at GPR lines 0207-01 and 0209-04 indicating westward
distribution of water from the Great North Channel.
(a) An open-depression possibly supplying
a northern east-west segment.
(b) An open-depression associated with a
southern east-west segment.
Figure 4.17: Minor east-west segments.
4.3.9 The Eastern Lineament
A major left-bank branch of the southern reach of the Great North Channel is referred to here as
the Eastern Lineament. A right-bank branch disperses from the Great North Channel at precisely
the same northing and appears to be a continuation of the same lineament. However, the mound
of the Great North Channel dissect the east and west branches hydrologically and they are therefore
regarded here separately. To the east of the Great North Channel, topographic profile analysis has
shown that in the presence of a channel, flow would move from east to west and the Siem Reap River
is therefore likely to have been its source of recharge. The lineament has otherwise been proposed
to have been a distributive irrigation channel and recharged from the Great North Channel. On the
ground the Eastern Lineament was observed to include a low linear mound but very little trace of
an open-depression could be seen. GPR lines 0130-04 and 0130-10 were measured across the feature
and each showed clear evidence of a subsurface channel feature occurring to the north of the low
linear mound.
At its eastern reach a north-south bearing archaeological lineament intersects the Eastern Linea-
ment, extending from a trapeang associated with a small shrine to the north. GPR line 0130-01 was
measured across the intersecting lineament and shows evidence of a small channel-shaped structure
in close correspondence with the southwest corner of an Angkorian trapeang . The observation sup-
ports that the Angkorian water management system can be shown to have direct hydraulic links to
smaller infrastructure such as shrines and trapeang . South and parallel to the Eastern Lineament
an archaeological lineament similarly exhibits a channel-shaped subsurface structure in GPR line
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0130-07 . The lineament abuts the course of the Siem Reap River to the east and suggests that water
was drawn from the course of that channel at multiple locations along its reach.
(a) Low linear mound. (b) Open area north of mound.
Figure 4.18: The Eastern Lineament.
4.3.10 The Jayatataka Dogleg
At the southern terminus of the Great North Channel the associated high linear mound appears to
be directed abruptly eastwards but is actually a separate mound, the two being bisected by a small
modern channel. The east-bearing mound takes a series of abrupt orthogonal turns before meeting
the northern embankment of the baray at its eastern end. An extension of the northern embankment
of the Jayatataka continues eastwards towards the Siem Reap River. Broader topographic profile
analysis has previously shown that the landscape slope dips towards the west, indicating that the
course of the Siem Reap River would have been the likely source of recharge of these lineaments in
the presence of an open channel. GPR line 0127-01 found a narrow channel shaped structure within
a broad open depression immediately north of the high linear mound. The observation was repeated
further east at GPR line 0130-11 and found evidence of a shallow channel-shaped structure. At GPR
line 0216-02 a very clear channel-shaped structure was observed in the extension of the northern
embankment of the Jayatataka, suggesting a clear hydraulic link existed towards the Siem Reap
River.
(a) Modern stream channel bisecting the
Great North Channel and Jayatataka Dog-
leg.
(b) Open terrain north of the high lin-
ear mound associated with the Jayatataka
Dogleg.
Figure 4.19: The Jayatataka Dogleg.
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4.4 The Aggregator and Holding Zone
The Aggregator and Holding Zone is defined by Kummu (2003, 2009) as inclusive of the area on the
Angkor Plain the 18 and 28 m contour lines. The zone is inclusive of the three central baray and
many of the monumental temples that would have variously required hydraulic recharge to supply the
associated temple moats. Proximal to the central temple zone the configuration of archaeological
lineaments is dense and complex. Compounded by the often short reach of many of the lineament, it
is difficult to intuit flow pathways by simple reference to the archaeological mapping. Nevertheless,
the area was included in the ground survey and GPR measurements conducted where feasible.
Survey results from the Aggregator and Holding Zone are presented as follows, the locations
of GPR transects mentioned in the text being presented in Figure 4.20 and used for spatial refer-
ence. Descriptions, aerial plans, photographic records and processed radargrams can be viewed in
Appendix A.
;
Figure 4.20: The Aggregator and Holding Zone. The locations of measured GPR transects mentioned in
the text are indicated by white circles. The boundary of the figure is indicated by a red rectangle in the
inset.
4.4.1 The Great North Channel (Southern Extension)
The high linear mound associated with the southern reach of the Great North Channel terminates
within the Northern Collector Zone. From that location a lineament continues southwards that
includes evidence of surficial channel structures. At Tonle´ Sngout a clear open depression exists on
the same lineament as the Great North Channel that would have been able to route open-channel
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flow. Previous investigations by the Greater Angkor Project have shown that no channel sediments
exist there and GPR line 0118-13 similarly found no evidence of a subsurface channel-shaped structure.
4.4.2 The Nokor Krav Linemaents
Nokor Krav is the name of a village immediately to the north of the northern enclosure walls
of Angkor Thom, at the eastern side. A configuration of lineaments that are not mapped with
associated channels occur there. An associated southern east-west lineament showed no surficial
evidence of an open depression, but there was clear subsurface reflectors forming a channel-shape
to its immediate north in GPR line 0210-01 . An equivalent channel structure was not found in the
east-west bearing lineament to the north of the previous in GPR line 0210-02 . At a north-south
bearing archaeological lineament abutting the eastern terminus of the previous, a channel structure
could be detected at the eastern flank of a prominent and broad linear mound in GPR line 0210-03
Figure 4.21a. A second north-south bearing lineament to the immediate east found no evidence of a
channel structure although the base of the mound was well defined in GPR line 0210-04 . An east-west
lineament to the immediate north similarly found a well defined mound base but no evidence of a
channel in GPR line 0210-05 , although a modern channel flowed westwards between the mound and
a parallel mound to the south Figure 4.21b.
4.4.3 Northwestern Distributors
A number of north-south and east-west bearing lineaments occur to the northwest of Nokor Krav
and may be hydraulically linked to the minor east-west segments observed in the Northern Collector
Zone. The lineament investigated furthest north was the Western Lineament, west of the Lesser
North Lineament. GPR line 0210-03 showed clear evidence of the base of a mound but no associated
buried channel structure. A north-south bearing lineament to the southwest of the previous similarly
showed evidence of a mound base but no associated channel in GPR line 0210-10 . A channel-shaped
structure could be traced immediately to the north of an east-west bearing mound in GPR line
0210-11 , and was associated with a substantial east-west bearing mound that crosses the Lesser
North Lineament mapped as terminating short of the Great North Channel. A prominent north-
south bearing lineament intersecting with the western terminus of the previous also showed evidence
of a channel structure to the west of a broad and moderate linear mound Figure 4.22a in GPR
line 0210-08 , in association with surface cracking within a narrow open-depression Figure 4.22b. A
less prominent north-south mound the the immediate west showed no trace on the ground nor any
evidence of a channel-shaped structure in GPR line 0210-09 . A similarly less prominent east-west
bearing mound was investigated at GPR line 0210-12 but the presence of a channel was equivocal,
possibly simply relating to a moist surface depression.
4.4.4 Southwestern Distributors
A number of north-south and east-west bearing lineaments also occur to the southwest of Nokor
Krav and may be the hydraulic conduits to the West Baray. Farthest to the west a north-south
lineament was found to exist but was very low and insubstantial, and there was no trace of a
69
4.4. THE AGGREGATOR AND HOLDING ZONE
(a) Prominent and broad mound looking
towards an adjacent open-depression, look-
ing east.
(b) Modern ephemeral channel flowing be-
tween Angkorian linear mounds.
Figure 4.21: The Nokor Krav Lineaments.
(a) Surface cracking in a narrow shallow
depression parallel to a linear mound.
(b) Linear mound at a north-south bearing
lineament.
Figure 4.22: The northwest distributors.
subsurface channel-shape in GPR line 0211-04 . Another north-south bearing lineament to the east
was evident as a very low but broad linear mound but showed no evidence of a subsurface channel-
shaped structure in GPR line 0211-02 . A more prominent north-south bearing lineament further to
the east and was expressed on the ground as two very low but distinct linear mounds Figure 4.23a
but with no evidence of a subsurface channel structure in GPR line 0211-01 , although the mounds are
likely to have been able to route water. An east-west lineament located at the southern terminus of
the previous showed evidence of channel-shaped structures on either side of a moderate and broad
linear mound, in GPR line 0211-03 Figure 4.23b.
4.4.5 The West Baray Inlet and Outlet
The Greater Angkor Project has previously investigated the possibility that water entered or exited
the West Baray midway along its eastern embankment, but found no strong evidence from the
excavation of long trenches at that location. The hypothesis was based on observation of laterite
masonry structures at equivalent locations at the Indratataka and the East Baray. Two other
possibilities exist at the eastern embankment including the northeast corner and southeast corner
where east-west bearing lineaments are mapped. At the northeast corner, a narrow cut through the
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embankment suggests it to be the inlet channel but whether it was created by Angkorian engineers
cannot be confirmed. GPR line 0213-01 was measured across the mouth of the cut (Figure 4.24a) but
found no evidence of a subsurface channel-shaped structure. At the southwest corner Figure 4.24b
a very clear and broad channel was observed between two low linear mound in GPR line 0213-02 ,
suggesting the lineaments may be part of the hydraulic outlet structure of the baray .
(a) Eastern of two low linear mounds of a
north-south lineament.
(b) Open depression at the southern flank
of an east-west bearing lineament.
Figure 4.23: The southwest distributors.
(a) Possible area of West Baray inlet, a cut
exists in the embankment wall to the left
of the image, looking north.
(b) Possible outlet of the West Baray, look-
ing south.
Figure 4.24: The West Baray inlet and outlet.
4.5 The Southern Distributor Zone
The Southern Distributor Zone is defined by Kummu (2003, 2009) as inclusive of the area on the
Angkor Plain downslope of the the 18 m contour line. The zone has few archaeological lineaments
and the potential hydraulic interrelationship between them is unclear. They are unusual in that the
more extensive lineaments do not take on a cardinal orientation, which has been shown to be common
within the Northern Collector Zone and the Aggregator and Holding Zone. Instead the lineaments
either bear generally perpendicular to the landscape contours or parallel to them, perhaps suggesting
rapid drainage downslope and slow dispersal across the slope. In either case most are mapped
confluencing with the great lake Tonle´ Sap and are therefore likely to have had prior hydrological
functionality. Three major lineaments located south of the West Baray were investigated during this
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survey including the Angkor Wat Canal, the Southeast Canal, and the Southwest Canal.
Survey results from the Southern Distributor Zone are presented as follows, the locations of
GPR transects mentioned in the text being presented in Figure 4.25 and used for spatial refer-
ence. Descriptions, aerial plans, photographic records and processed radargrams can be viewed in
Appendix A.
;
Figure 4.25: The Southern Distributor Zone. The locations of measured GPR transects mentioned in the
text are indicated by white circles. The boundary of the figure is indicated by a red rectangle in the inset.
4.5.1 The Angkor Wat Canal
The Angkor Wat Canal is named for its apparent association with the southwest corner of the
monumental temple Angkor Wat. The lineament in fact confluences with a large L-shaped lineament
(CP807) and does not reach to the moat, at least the mapped mounds do not. For the most part
there is little remaining surficial evidence of the remains of the channel and the urban sprawl of
modern Siem Reap town has buried much of its length. A clear location for geophysical investigation
had previously existed for some time at Phoum Ta Phaul at the intersection between the lineament
with the Southeast Canal, but recent development has now encroached on the area and there was
no opportunity for clear GPR survey. However, investigations by the Greater Angkor Project has
previously found evidence of cross-bedded sands in the location of Christophe. Pottier’s 1999 mapped
channel at Phoum Ta Phaul. The Angkor Wat Canal is therefore already confirmed as an Angkorian
channel.
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(a) Open-depression marking former chan-
nel.
(b) In-filled marshland of former channel.
(c) Urban development within open-
depression.
(d) Marshland within open-depression of
former channel.
(e) Free water within former channel. (f) Undulose topography resulting from
sand-mining of former channel.
Figure 4.26: The Angkor Wat Canal.
4.5.2 The Southeast Canal
The Southeast Canal extends from the southeastern corner of the West Baray channel grid and bears
southeast until it meets the edge of Tonle´ Sap, a distance of nearly 40 km. Its reach is straight
over the larger portion of its course but begins paralleling the landscape contours east of a large
trapeang , about 8 km west of the Dam Dek canal. For the most part, the feature presents as a very
low discontinuous mound on the southern side of a very shallow depression of approximately 35 m
wide. The Southeast Canal bisects the course of the Angkor Wat Canal which has been viewed
as a potential opportunity for relative dating of the two channels, with the assumption that the
operation of one has cut through the relict other rather than both being operational concurrently.
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The lineament was investigated at GPR line 0214-04 and showed a clear channel-shaped structure
immediately north of a low linear mound Figure 4.27a, although no trace of a surface depression
could be detected surficially Figure 4.27b.
(a) Low linear mound. (b) Area to the north of low linear mound.
Figure 4.27: The Southeast Canal.
4.5.3 The Southwest Canal
The Southwest Canal extends from the West Baray channel gridlocated at the southwest corner of
the West Baray and bears towards the southwest until it meets the edge of the great lake Tonle´ Sap.
On the ground, the feature was observed as a concentration of isolated and equant low mounds
forming a linear course in the same manner as presented in Christophe. Pottier’s 1999 map. The
lineament was urbanised for much of its length and for the most part it was difficult to find clear
areas for examination. It was particularly difficult to confidently identify depressions that might have
marked a prior channel and care had to be taken to ascertain a correct ground location with respect
to the archaeological map. Numerous GPR transects were measured that exhibited complex angled
reflectors but only one was extensive enough for confident interpretation GPR line 0214-01 showed
a very broad zone of deep reflectors in a channel-shaped structure. The structure exceeded 160 m
and seems excessive for an Angkorian channel.
(a) Open area at location of lineament. (b) Low isolated mound.
Figure 4.28: The Southwest Canal.
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4.6 Discussion
4.6.1 Pedestrian Ground Survey
Visual identification of Angkorian channel structures was challenging because of infilled sediments
reducing the expression of an associated open-depressions. On the other hand, the observation of an
open-depression neither confirmed the presence of a prior channel but acted only as a proxy indicator.
As such, in very few cases was an Angkorian channel confidently identified visually, and invariably
depended on the observation of water within an open-depression. The Great North Channel can
immediately be identified as a prior channel as it continues to route water to this day, for example.
Determining the probable routes of water flow over the low gradient of the Angkor Plain was also
not possible from ground-level, and was a primary reason for conducting the topographic analyses
discussed previously. It is asserted that a claim concerning Angkorian water flow made on a visual
basis alone would be disingenuous. In that regard, visual survey of channel structures did not facilitate
overall interpretation of the Angkorian water management system in this study, but it was essential
for the compilation of a database of possible channels by the observation of an open-depression in
association with an archaeological lineament.
4.6.2 Ground-penetrating Radar
The limitations of visual survey required a rapid geophysical means to assess the subsurface deposits
in association with mapped archaeological lineaments. GPR was therefore also deployed during the
ground survey and the observation of channel-shaped structures in a processed radargram was also
used to mark a lineament as a potential Angkorian channel. Survey proceeded opportunistically
as the accessibility to many sites was uncertain, including the lineaments inferred in this study to
have been key components of the Angkorian water management. It could also not be assumed from
the archaeological maps that any one archaeological lineament did or did not include an associated
channel and necessarily a range of lineaments were investigated to provide alternatives should a key
lineament be excluded from the analysis.
The opportunistic survey strategy provided supporting evidence for issues not directly related to
this study but relevent to the overall debate concerning the Angkorian water management system.
For example, an archaeological lineament extending between the Eastern Lineament and a nearby
trapeang was found to exhibit clear evidence of a channel-shaped structure, supporting that the
Angkorian water management system was indeed utilised by smaller-scale infrastructure and not
solely for maintenance of a ritual-cosmological baray .
Observations commonly repeated in GPR radargrams in this study included that linear mounds
were frequently found to substantially attenuate the reflected signal. It is proposed that the bulk
density of the mounds has increased substantially by the compacting action of traffic, and pos-
sibly also during construction, but also by sun baking of the materials raised above the vadose
zone. There was also occasional observation of horizontal subsurface boundaries suggesting a buried
palaeosurface, around the Near-Northeastern Lineament for example. That finding is complimentary
to observations made during invasive study which also found evidence of aggradation of the ground
surface. Specific to the methodology applied here, it was also noted that uncorrected topography
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perversely caused channel-shaped structures to appear in the processed radargrams and actually
related to the base of a linear mound as a result of the apparatus traversing it.
Despite largely positive results, the GPR method could not be regarded as absolute confirmation
or refutation of the presence of an Angkorian channel. The conductivity of regolith on the Angkor
Plain is very low and conductivity meters have previously been found to respond principally to the
presence of water (Samuel. Player 2005). The response of a GPR signal may also vary substantially
depending on the presence of water (Conyers 2004). For a number of cases in this study, strong
and shallow reflections were observed at the immediate upslope side of a linear mound, but without
a recognisable channel-shaped structure. Those lineaments were tentatively marked as potential
channels but it is likely that the strong reflections were false-positives caused by moist ground that
had previously been ponded behind the mound. Alternatively, where the moisture regime between
buried channel sediments and surrounding floodplain materials is similar, resolution of the basal
interface of the channel may be difficult and cause a false-negative.
4.6.3 The Northern Collector Zone
The most striking observation of the Northern Collector Zone during the preliminary ground survey
was the dissecting course of the Puok River. Evans’ mapping of the course of the Great North
Channel suggests that the Great North Channel was not designed to capture the entire flow of
the Puok River based on the bisection of the river through the lineament but primarily because of
of the difference of archaeological attributes of the embankment to the north and south. In the
same regard, although it cannot be definitively asserted that the course of the Puok River is largely
unchanged since the pre-Angkorian period, the same evidence is suggestive that it had not.
To the north of the Puok River, the Great North Channel was found to be the likely primary
conduit of flow through the Angkorian water management system with a simple configuration of left
and right-bank branches confluencing with it. For the most part, the left-bank branches were found
to show evidence of associated channel structures, and were likely supplied from a stream channel
that continues to flow today sometimes proximal to the termini of those lineaments. Topographic
profile analysis also indicates that those channels would have supplied the Great North Channel,
making them “collectors” in the sense of Kummu (2003, 2009). However, the right-bank branches
were found not to show convincing evidence of being Angkorian structures and therefore would not
have “collected” water to supply the Angkorian system. The presence of a high linear mound also
at the right-bank of the channel suggests that distribution of water to the west of the Great North
Channel, for irrigation for example, would have been similarly unlikely. The right-bank branches are
therefore disregarded in this study.
To the south of the Puok River, the Great North Channel was found to be the primary conduit
of flow but was recharged from two separate sources. The Puok River was the source of recharge
from the north but it is clear from topographic profile analysis that the two most extensive left-bank
branches would have “collected” recharge from the Siem Reap River. The finding is significant
given previous propositions that water was distributed eastwards from the Great North Channel
(R. Fletcher, Penny, et al. 2008). The parallel Lesser North Lineament was found to exhibit some
evidence of an open-depression associated with the eastern flank of a low linear mound, but not of
76
4. GROUND SURVEY
a subsurface channel-shaped structure. The abutment of its northern terminus with the course of
the Puok River is suggestive of a hydraulic function comparable to the southern reach of the Great
North Channel. Only two east-west bearing lineaments spanning from the Great North Channel
westerwards across the Lesser North Lineament were found to exhibit evidence of an associated
open-depression and/or a subsurface channel-shaped structure. The finding indicates that while
water appears to have been distributed westwards from the Great North Channel, the pathways were
simpler than the sum total of archaeological lineaments represented on D. Evans’s 2007 map.
4.6.4 The Aggregator and Holding Zone
In relation to other Angkorian management zones, the Aggregator and Holding Zone was exceedingly
difficult to categorise for purposes of description and analysis. The Northern Collector Zone and
Southern Distributor Zone included extensive archaeological lineament which could be used as foci
of study, where smaller periphery lineaments could be drawn in for discussion where appropriate.
In contrast, because of the short reach of archaeological lineaments and the dense and complex
configuration, a logical sequence of investigation could not be similarly developed for the Aggregator
and Holding Zone. As a result, hypotheses regarding potential flow pathways can only be regarded
as speculative at best and no attempt is made here. However, it can be inferred that the Aggregator
and Holding Zone is hydraulically simpler than might be suggested by the complex of lineaments
represented in the archaeological maps of Christophe. Pottier (1999) and D. Evans (2007). Although
subsurface channel-shaped structures were observed at a number of lineaments, they often were not.
Only two of three of the investigated Nokor Krav lineaments found evidence of subsurface channel-
shapes, for example. Even some more prominent lineaments such as the Western Lineament did
not show evidence of buried channel-shaped structures; that lineament is proposed here to have
functioned simply as an Angkorian road facilitating access to the west and the Phimai Road Road.
4.6.5 The Southern Distributor Zone
The Southern Distributor Zone includes a relatively simple configuration of mapped archaeological
lineaments. The Angkor Wat Canal, Southeast Canal, and the Southwest Canal were each found
to exhibit evidence of channel structures. Broader topographic profile analysis confirmed that the
Angkor Wat and Southwest Canal would have flowed south towards the great lake Tonle´ Sap. It is
axiomatic that the Southeast Canal would have flowed in a similar fashion, from its northwestern
terminus near the West Baray and discharging into the great lake Tonle´ Sap by a southeasterly route.
However, topographic profile analyses presented here has showed that the terrain west of the course
of the Angkor Wat Canal dips to the northwest, indicating that flow along the Southeast Canal must
have been routed in that direction along that section of its reach. The finding is particularly signifi-
cant to the understanding of the Angkorian water management system and verification is warranted,
but is beyond the scope of this study. The observation is therefore accepted, but contingent on the
expectation that further studies will be conducted to confirm or refute it. An efficient method of
validation may be by LiDAR technology which has recently been successfully used at Angkor (D. H.
Evans et al. 2013).
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4.6.6 Re-evaluation of the Management Zones
From the observations made in this chapter, a redefinition of Kummu’s (2003; 2009) conceptual
hydrological management zones is proposed and presented in Figure 4.29. The Northern Collector
Zone can be divided into two subzones by the contemporary course of the Puok River and are
referred to here as the Trans-Puok Collector Zone and the Cis-Puok Collector Zone. The Trans-
Puok Collector Zone is inclusive of subcatchments intersecting and immediately east of the course
of the northern reach of the Great North Channel, and north of the Puok River. The Cis-Puok
Collector Zone is inclusive of the area south of the Puok River, east of the southern reach of the
Great North Channel, and west of the Siem Reap River. Kummu’s (2003; 2009) Aggregator and
Holding Zone is split conceptually into its eponymous parts. The Aggregator Zone is conceived as
the area west of the course of the Great North Channel, north of the northern enclosure wall of
Angkor Thom and the northern embankment of the West Baray. The Holding Zone is conceived as
the area bounded to the north by the Aggregator Zone and the Cis-Puok Collector Zone, and to the
south by the southern embankments of the West Baray and the East Baray, and south of the large
L-shaped lineament (CP807) spanning between the West Baray and Angkor Wat. The Southern
Distributor Zone remains largely unchanged apart from the redefinition of its northern boundaries
by the new Holding Zone. By redefining the management zones, the inputs and outputs of the
system are more constrained allowing for more targeted selection of study sites for more detailed
investigation.
4.7 Conclusion
The ground survey presented in this chapter aimed to document the geomorphological characteristics
of Angkorian archaeological lineaments occurring within the study area, defined in the previous
chapter. These observations provided a basis on which to make subsequent inferences regarding the
relationship between channel stratigraphies, but also facilitate the selection of study sites for more
detailed investigation. In the context of the management zones as described by Kummu (2003,
2009) the observed characteristics of the water management system were used to further subdivide
those zones and exclude some of them from the investigation. Nine study sites were located within
these constraints and are documented in the subsequent chapter.
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Chapter 5
Study Sites
5.1 Introduction
Nine sites were selected along individual archaeological lineaments identified in the GIS analysis in
Chapter 3 and weighted between modified versions of Kummu’s (2003; 2009) Northern Collector
and Southern Distributor hydrological management zones. Sites were distributed in that manner in
order to assess channels that were likely to have taken part in both the recharge and discharge of
the system. The following chapter documents the surface geomorphology of each site with quanti-
tative topographic study along transects oriented orthogonally to the bearing of the archaeological
lineament. The presence of an open-depression adjacent to a linear mound represents the first
ground-identification of a potential channel.
5.2 Methods
The archaeology, terrain, and vegetation distribution at and around each study site was examined
using the archeological maps of Christophe. Pottier (1999) and D. Evans (2007), 30 m resolution
ASTER elevation data, and Google Earth satellite imagery respectively. Geomorphological and ar-
chaeological features were recorded photographically during an initial site inspection and related to
the previously examined spatial datasets. A single transect was established approximately orthogo-
nally to the bearing of the subject archaeological lineament using a 100 m measuring tape, with a
GPS measurement at 0 m acting as the site datum. To avoid the occurrence of negative coordinates,
0 m on the measuring tape was assigned the arbitrary coordinates ‘1000x:1000y’ with the length
of the measuring tape acting as the positive x-axis of an arbitrary Cartesian grid. The orientation
of the transect was recorded using either a compass bearing or a second GPS measurement at the
other end of the transect. The topography of the transect was then measured at 1 m intervals, using
a Pentax AP-120 automatic level. Topographic profiles are presented graphically at the same scale
for inter-site comparison and including the arbitrary x-axis coordinate, and easting or northing. No
known elevation datums occurred at or around the sites and instead elevation was derived from the
30 m resolution ASTER elevation data. The elevations represented on topographic profiles presented
in the following sections are therefore imprecise, but accurate enough for inter-site comparison.
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5.3 Peak Sneng Thmei
Peak Sneng Thmei is a village located in the far north of the Angkor region (Figure 5.1a). An
archaeological lineament emerges from the northeast, very near to the reach of an incising con-
temporary stream channel. The lineament bisects the village and continues southwest towards the
Great North Channel. Other archaeological features mapped in the area include a small cluster of
trapeang , located south of the lineament at its northeastern end (Figure 5.1b). A small temple is
also located on the northern side of the lineament about half way along its mapped length in a typ-
ical configuration, the causeway facing east. Immediately east of the temple is a small north-south
bearing lineament which can be seen to intersect the subject lineament. Features identified only as
“unknown” in D. Evans (2007) mapping are located on the south side of the subject lineament at
its western end.
The broader terrain can be described as the higher part of a southwest facing straight and gently
sloping level plain (Figure 5.1c). The footslopes of Phnom Kulen rise towards the northeast. Ground
features that can be related to the DLSM include the subject archaeological lineament, southwest
of the study site location and occurring as a linear topographic high. Immediately north of that
lineament is an isolated topographic high occurring in association with a temple site. A linear
topographic low can be observed in association with the course of the Great North Channel. There
are no other distinct features observable in the DLSM.
Vegetation is distributed as a patchwork of predominantly immature low trees and shrubs but
with clusters of moderately mature trees (Figure 5.1d); borassus flabellifer (sugar palm) occurs
frequently along the archaeological lineament. The pattern is a result of the activities of small-scale
rain-fed rice agriculture for which fallow periods of 3-4 years are reported to be common in upland
areas of Cambodia (Nesbitt and Phaloeun 1997, p. 31), similar practices likely occurring here near
to the footslopes of Phnom Kulen. In contrast, an open area surrounding a large occupation mound
south of the archaeological lineament suggests an alternative practice of intensive agriculture at that
location.
A study site was selected immediately north of Peak Sneng Thmei village at 378448 m E
1502414 m N (UTM) and was readily accessible, being located within 150 m of a well-maintained
unsealed road linking the town of Siem Reap to the northern Angkor region and Phnom Kulen. The
archaeological lineament was found to be expressed as a short and linear raised earthen mound thickly
populated with vegetation (Figure 5.2a), elevated no more than 2 m above the ground surface. On
the prominent width of its rise the mound was covered by dense vegetation, including many borassus
flabellifer , to a width of about 10 m. The mound rose smoothly from the south but formed a clear
break of slope to the north, where the width of the mound exceeds 20 m at the widest part of its
base. However, the original width of the mound is likely closer to the 10 m defined by the vegetation
cover, as the smooth slope on its southern side appeared to be the result of colluviation.
On the immediate northern side of the mound was a distinct depression about 20 to 30 m
wide, moderately sloped where it flanked the mound to the south but gentle at the northern edge
(Figure 5.2b). The depression was dry at the time of field investigations although later observation
at the beginning of the monsoon season found it to be knee-deep in water and being utilised as a
rice nursery.
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5. STUDY SITES
(a) Linear mound populated by dense veg-
etation, looking south.
(b) Linear depression north of mound,
looking northwest.
(c) Ground surface south of mound, look-
ing northeast.
(d) Ground surface north of depression,
looking south.
Figure 5.2: Surface morphology at Peak Sneng Thmei.
The area to the south of the mound was largely cleared apart from a small stand of moderately
tall closed canopy trees. The ground surface was flat, slightly irregular, and covered predominantly
by short grass (Figure 5.2c). There were no obvious remnants of ricefield bunds that might indicate
recent cropping activities although the grass was being exploited as pasture at the time of field
investigation.
North of the depression the ground surface appeared similar in character to that observed south of
the mound. The area was largely cleared apart for a stand of trees to the north and was predominantly
covered by mimosa pudica. The ground surface was flat but slightly more irregular than that observed
south of the mound and evidence of rice field bunds were similarly absent (Figure 5.2d).
A thin strip of vegetation was cleared from the low linear mound and a 200 m transect oriented
at approximately 314◦N and centred at 378376 m E 1502483 m N (UTM) was established. Figure
5.3 presents the measured topography along the transect showing a depression at the northern side
of the linear mound. No comparable depression can be traced on the southern side. A low rise is
also observable immediately north of the depression.
5.4 Peak Sneng Cha
Peak Sneng Cha is a traditional Cambodian village located in the far north of the Angkor region,
within 2.5 km of Peak Sneng Thmei (Figure 5.4a). Within around 700 m west of the edge of the
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;
Figure 5.3: Topography of, Peak Sneng Thmei
village is the central portion of the northern reach of the Great North Channel, which emerges
imperceptibly from the footslopes of Phnom Kulen over 5 km to the north, and ending abruptly
where it abuts the Puok River over 5 km to the south. The Far-Northeastern Lineament, a left-bank
tributary of the Great North Channel observed at Peak Sneng Thmei, skirts approximately 350 m to
the north of the village and abuts the Great North Channel nearby.
Smaller-scale archaeological features are also located in the immediate vicinity and include a
small cluster of trapeang together with two small shrines on the western side of the Great North
Channel (Figure 5.4b). The cluster is centred around an east-west bearing linear mound mapped as
Angkorian but proposed in Section 4.3.3 to be a modern feature. The village of Peak Sneng Cha is
itself located on a low and broad earthen mound, which may itself be Angkorian. Physical evidence
of the mounds’ antiquity is indicated by extremely large ficus benghalensis growing there, suggesting
that the feature has at least been unaffected by activities in the recent industrial, or even colonial
past.
The broader terrain can be described as the higher part of a southwest facing straight and gently
sloping level plain (Figure 5.4c), although at ground-level a broad clear area around the mound of
Peak Sneng Cha provides a view of very flat topography. The Great North Channel can be traced
as a linear topographic low in the DLSM. No other substantial topographic features can be clearly
traced other than topographic highs associated with vegetation growing on mapped archaeological
features.
Vegetation was generally sparse due to intensive clearing for agricultural activity, although more
so on the eastern side of the Great North Channel (Figure 5.4d).
The subject archaeological lineament was expressed on the ground as a high linear mound rising
to at least 5 m (Figure 5.5a), covered with low closed canopy trees and shrubs which concealed
a substantial gap, wide enough to accept an ox-cart. Whether the cut was an intentional part of
the design of the mound was unclear although there was certainly no rise noticeable while walking
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5.4. PEAK SNENG CHA
(a) High linear mound at the vegetated
horizon, looking east.
(b) Linear open-depression flanking the
eastern side of a high linear mound, looking
south.
(c) Ephemeral stream channel (lush green
in foreground) bearing north along the
flank of a high linear mound, looking north-
west.
(d) Paddy fields located east of a high lin-
ear mound, looking west.
Figure 5.5: Surface morphology at Peak Sneng Cha.
through it, as might be expected if the cut was a result of foot traffic alone. The morphology of the
cut did not suggest that water had been routed through it as the juncture between the floor and
embankment wall was angular.
Flanking the high linear mound to the immediate east was a broad and linear open-depression,
with ponds of water perched at the surface until becoming completely inundated further to the south
(Figure 5.5b). The depression was immediately interpreted as an Angkorian channel, given that flow
would likely occur along it in the presence of only a small excess of water.
On the western side of the mound was a dry westward-bearing ephemeral stream (Figure 5.5c).
On intersecting with the high linear mound, the course of the ephemeral channel was directed
northwards, incising along the flank of the mound towards the large cut introduced previously, and
into the broad open-depression on the eastern side. The western side of the mound appeared to
have been exploited by swidden-type agriculture, with short trees and shrubs dominating the area
and clear evidence of recent burning.
The landscape on the eastern side of the mound appeared to consist of permanent and extensively
utilised paddy fields, although the crop cycle was in fallow at the time of investigation and the ground
surface thickly populated by a very short grass providing pasture for cattle (Figure 5.5d). The paddy
fields there were exceptionally well maintained with some bunds exceeding 0.5 m in height and were
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;
Figure 5.6: Topography of, Peak Sneng Cha
notably effective in retaining rain-fed moisture. Minor rainfall occurred during field investigations
and caused rapid surface ponding, indicating very low infiltration.
Access across the very large and thickly vegetated north-south bearing linear mound was as-
sisted by recent burning on its western side in preparation for agricultural activity. The vegetation
was thinned enough to permit access for topographic survey without recourse to further clear-
ing. A 200 m transect was oriented approximately east-west at 91◦N and centred at 376404 m E
1501083 m N (UTM). The open depression on the eastern side of the high linear mound is clearly
traceable in the resulting topographic profile (Figure 5.6), as is the ephemeral channel on the western
side.
5.5 Phnom Dei
Phnom Dei1 is the name of a temple adjacent to the northern end of the southern reach of the
Great North Channel, immediately south of the Puok River (Figure 5.7a). The site was located for
its association with the southern reach of the Great North Channel.
Non-linear archaeological features mapped in the area include a dense cluster of small trapeang
on the eastern side of the Great North Channel, spreading as far to the south as the East-west
Lineament and to the east as far as the course of the Siem Reap River. Excluding the temple
Phnom Dei itself there are two other temple sites to its immediate north, two to the west, one to
the east and one to the southeast (Figure 5.7b).
The broader terrain is a slight but uniform northeast to southwest slope conforming to the
regional trend. Isolated topographic highs observable in the DLSM tend to correspond to mapped
1The site should not be confused with another and better-known Phnom Dei located at the foothills of Phnom
Kulen.
87
5.5. PHNOM DEI
(a
)
L
o
ca
ti
o
n
.
(b
)
A
rc
h
ae
o
lo
g
y.
(c
)
T
er
ra
in
.
(d
)
V
eg
et
at
io
n
.
F
ig
u
re
5
.7
:
L
o
ca
ti
o
n
,
ar
ch
ae
o
lo
g
y,
te
rr
ai
n
an
d
ve
g
et
at
io
n
d
is
tr
ib
u
ti
o
n
,
si
te
P
h
n
o
m
D
ei
.
A
so
lid
re
d
ci
rc
le
in
d
ic
at
es
th
e
lo
ca
ti
o
n
o
f
th
e
si
te
.
(a
)
L
o
ca
ti
o
n
o
f
th
e
st
u
d
y
si
te
re
la
ti
ve
to
m
ap
p
ed
ar
ch
eo
lo
g
y
at
A
n
g
ko
r.
T
h
e
re
d
re
ct
an
g
le
re
pr
es
en
ts
th
e
g
eo
g
ra
p
h
ic
b
o
u
n
d
ar
y
o
f
(a
),
(c
)
an
d
(d
);
(b
)
A
rc
h
ae
o
lo
g
y
as
m
ap
p
ed
by
D
.
E
va
n
s
(2
0
0
7
);
(c
)
D
L
S
M
g
en
er
at
ed
fr
o
m
9
0
m
S
R
T
M
d
at
a
(J
ar
vi
s
et
al
.
2
0
0
8
);
(d
)
G
o
o
g
le
E
ar
th
im
ag
er
y
sh
ow
in
g
th
e
d
is
tr
ib
u
ti
o
n
o
f
ve
g
et
at
io
n
(
c ©
2
0
1
0
G
o
o
g
le
,
Im
ag
e
c ©
2
0
1
2
D
ig
it
al
G
lo
b
e)
.
5. STUDY SITES
(a) Top of high-linear mound, looking
north.
(b) Moist open-depression east of mound,
looking north.
(c) Dry open-depression west of mound,
looking north.
(d) Cleared ground west of mound, looking
southeast.
Figure 5.8: Surface morphology at Phnom Dei.
Angkorian temples and lows with depressions associated with mapped archaeological lineaments and
the course of the Puok River Figure 5.7c.
Vegetation cover around the broader area of the site was relatively thick. A small area to the
southwest and a large area to the southeast were extensively cleared for rice agriculture (Figure 5.7d).
The central area surrounding the immediate site was thickly vegetated by a population of immature
closed-canopy trees, occasionally broken by very small patches of slash and burn agricultural plots.
A study site was selected at 376326 m E 1495055 m N (UTM) immediately to the south of the
temple site Phnom Dei, and at the time of field investigation was only accessible by a long and
rough ox-cart track. The location had previously been investigated by the University of Sydney’s
Greater Angkor Project and so there was some preliminary knowledge of the subsurface materials.
However, due to saturated conditions within the depression during those investigations, excavation
was only undertaken in the dry embankment.
The topographic configuration at the immediate site included a very high earthen mound thickly
populated with immature and low but closed-canopy vegetation (Figure 5.8a), in close comparison
to the equivalent structure observed at Peak Sneng Cha, in the Trans-Puok Collector Zone. The
crest of the mound was uniformly convex, descending steeply as a linear slope before steepening at
its base. A break of slope marked the edge of a shallow open-depression, knee-deep with standing
water at the time of investigation (Figure 5.8b). A slight break of slope marked the eastern edge of
the depression before the topography smoothly rose and graded into the level flat beyond. Despite
89
5.6. KOK KOOUL
;
Figure 5.9: Topography of, Phnom Dei
partial clearing noted during investigation in earlier years, the landscape to the east was thickly
populated by immature but closed-canopy vegetation.
The topography to the west of the high linear mound graded smoothly into level ground except
for an almost imperceptible break of slope. A clearing from the break of slope dipped slightly for over
20 m before rising to a low peak at the eastern edge of a second shallow open-depression (Figure
5.8c), thickly populated by very short grass. The ground beyond the western edge of the depression
was level flat (Figure 5.8d).
A 300 m transect was established, centred at 376476 m E 1495052 m N (UTM) and oriented
approximately orthogonal to the mound’s linear bearing at 91◦N. Figure 5.9 presents the measured
topography along the profile. A deep open depression is clearly observable east of a high linear
mound and a shallow open depression to the west.
5.6 Kok Kooul
Kok Kooul is located just over 3 km from the northern enclosure wall of Angkor Thom (Figure
5.10a). The site was chosen for analysis of the Lesser North Lineament, which is in curious mimicry
of the Great North Channel. The Lesser North Lineament abuts the contemporary course of the
Puok to the north and connects with a complex of intersecting linear features to the south.
Archaeologically the area is mostly notable for linear features however numerous temple sites
exist in close proximity and some larger trapeang exist to the south and east. A complex of unusual
configurations of mound structures exists to the west of the site and are of no immediately discernible
function (Figure 5.10b).
The surrounding topography is a uniform and gentle northeast to southwest slope (Figure 5.10c).
It appears generally unaffected by the distribution of vegetation except for particularly dense areas
such as in association with a large trapeang to the south and a temple site to the east. To the
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5.6. KOK KOOUL
(a) Contemporary track on the crest of a
low linear mound, looking south.
(b) Slight depression on the eastern flank
of the mound, looking northeast.
(c) Rice fields east of the mound and de-
pression.
(d) Thick low scrub west of the mound and
depression.
Figure 5.11: Surface morphology at Kok Kooul.
northwest there is a faint trace of low topography in association with the contemporary course of
Stung Puok however, a contemporary channel flowing immediately to the west and south of the
study site is untraceable in the DLSM. Its reach is mapped in association with linear Angkorian
mounds and is certainly a result of artificial canalisation; the lack of a broader topographic drainage
line suggests the flow is wholly artificial rather than formalisation of a natural drain.
Vegetation is thickly distributed around the immediate study area, particularly to its north and in
contrast to the expansive clearings to the south and east (Figure 5.10d), consisting predominantly of
immature closed canopy shrubs. The association of vegetation with artificial mounds is particularly
well marked, with the channels flanking the mound of the Great North Channel clearly visible as
paler non-vegetated lineaments.
A site was located at 375426 m E 1493082 m N (UTM) accessible by a contemporary track
along the crest of the Lesser North Lineament’s low linear mound (Figure 5.11a). The mound
exceeded just over 1 m in height and was observed to vary little over its entire mapped length.
At the immediate study site the mound was moderately vegetated at its flanks by low immature
scrub with predominantly, the central ridge exposed as a vehicle track. There was no local evidence
of erosion and the mound appeared in good condition. At other areas along its length there was
degradation associated with vehicle traffic, particularly at the entrance to occasional residences and
also at intersections with other tracks.
At the eastern flank of the mound there was a slight but recognisable depression, populated by
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Figure 5.12: Topography of, Kok Kooul
very short grass and only sparsely inhabited by larger plants. Beyond the depression to the east were
recently ploughed agricultural fields. The area had been burned prior to ploughing, with a sparse
distribution of immature tree stumps still smoking. Potentially due to recent inhabitation of the
area, the fields were conspicuous for the absence of bunds.
A depression slight or otherwise could not be traced visually on the western flank of the mound.
The area was moderately vegetated by low immature open-canopy scrub and given the slightness of
the depression on the eastern side, could simply have been visually obscured.
The low linear mound dissecting the site from north to south was clear apart from some scrubby
vegetation west of the mound, which was thinned to assist topographic survey. A 200 m transect
was established, centred at 375421 m E 1493082 m N (UTM) and oriented at 89◦N, approximately
orthogonal to the linear bearing of the mound. Figure 5.12 presents the measured topography along
the transect. A very slight depression is observable in the measured topographic profile immediately
adjacent and east of the mound.
5.7 Trapeang Svay
Trapeang Svay refers to the name of a reservoir to the immediate north. The study site was selected
to target the Eastern Lineament, an extensive east-west bearing archaeological lineament that spans
between the Great North Channel and the Siem Reap River, located approximately 3 and 4 km to
the west and east of the site respectively (Figure 5.13a).
Smaller-scale archaeological features in the local area of the site are numerous and include a
dense but expansive cluster of small trapeang to the immediate north. There are numerous small
temple sites and occupation mounds clustered between the larger linear features. Also common are
small and discontinuous linear features which are potentially traces of roads or canals; some have
perpendicular connections and may be the remains of temple sites or other associated structures
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5. STUDY SITES
(a) A low linear mound, looking west. (b) A possible slight depression, looking
west.
(c) Rice fields, looking north. (d) Rice fields, looking south.
Figure 5.14: Surface morphology at Trapeang Svay.
(Figure 5.13b).
The site was remarkable for its flat topography noted during field investigations and is likely a
good explanation for the strong correlation of topographic highs observed in the DLSM (Figure 5.13c)
with the distribution of the sparse vegetation (Figure 5.13d). For example, a contemporary road
bearing northnortheast is only very sparsely vegetated and yet clearly discernible in the DLSM.
The wider area around the site is largely cleared for rice agriculture and some of the remaining
vegetation is associated with contemporary transport conduits, as noted previously. The most densely
populated areas of vegetation occur in the northwest and southwest in apparent association with
archaeological features. Specifically, vegetation in the northwest is associated with a trapeang and
temple site; in the southwest with a trapeang and the Great North Channel (Figure 5.13d).
A study site was selected at 377700 m E 1491974 m N (UTM), west of a modern road that leads
to the Phnom Kulen Hills to the north. On the ground the archaeological lineament presented as a
low linear mound and in the area of investigation was being used as a vehicular track (Figure 5.14a).
The mound showed signs of severe erosion at its edges and a high termite mound was present at the
immediate study area. Despite its taphonomy there was no indication at the study site, or indeed
east to the Siem Reap River or west to Great North Channel, that the mound had ever existed as a
high structure, as observed along the Great North Channel.
On the northern flank of the mound a bunded ricefield gave the appearance of a depression,
but the ground surface there was actually equivalent to the surrounding landscape (Figure 5.14b).
The northern bund of the paddyfield was the only indication of a northern edge to any potential
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Figure 5.15: Topography of, Trapeang Svay
prior channel; it was low, thin and generally unimposing and clearly regularly maintained by the land
owner.
The landscape to the north and south of the mound was remarkably flat. It was neatly divided
into a regular patchwork of ricefields and the ground surface had clearly been hand-ploughedin the
recent past (Figures 5.14c) and 5.14d). Vegetation was generally sparse but enough existed to
prevent a view to the horizon of much more than about 100 m.
A 200 m transect was established, centred at 377703 m E 1492073 m N (UTM) and oriented
at 3◦N, approximately orthogonal to the linear bearing of the mound. Figure 5.15 presents the
measured topography along the transect. Apart from the mound, the ground surface can be seen
to be level across the site, although a small ricefield bund suggested the location of a northern
boundary to a channel flanking the low linear mound to its north.
5.8 Phoum Pluong
Phoum Pluong is located within approximately 0.5 km of the northern embankment of the great
reservoir jayatataka and was selected for the presence of a high east-west bearing archaeological
lineament that appears to connect to the baray via a series of dog-leg turns (Figure 5.16a). To the
west, the lineament connects with the southern terminus of the high linear mound associated with
the Great North Channel. Under the assumption that a prior channel existed at Phoum Pluong, the
flow pathway has been intuited to have been west to east, from the Great North Channel to the
Jayatataka (R. Fletcher, Christophe. Pottier, et al. 2008). However, the broad topological survey
conducted in Chapter 4 showed that the general landscape slope along the lineament is from east to
west. The implication is that a channel here would have discharged from the Jayatataka, and that
the Jayatataka was recharged from the Siem Reap River. Christophe. Pottier (1999) clearly maps
a channel associated with the lineament, therefore it remains to demonstrate the character of the
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sediments contained within it.
The configuration of nearby archaeological lineaments is complex. A north-south bearing linear
mound connects the Jayatataka Dogleg to a western continuation of the northern embankment of
the jayatataka, very near to the northern enclosure wall of the monumental temple Preah Khan
(Figure 5.16b). In line with that north-south bearing lineament and to the north of the Jayatataka
Dogleg, D. Evans (2007) maps a narrow canal to the north of the east-west mound. Towards the
southwest of the study site is a complex of notably thinner linear mounds, which are not mapped
with an associated adjacent channel. Other smaller archaeological features in the immediate area
include a series of temple sites to the north, west and east.
The broader topography is uniform and flat, broken only by the remains of higher archaeological
structures. For example, the DLSM shows the rectilinear temple Preah Khan to be the pre-eminent
topographic feature (Figure 5.16c). There are also topographic highs that appear to be associated
with the smaller archaeological features to the north of the immediate study site.
Thicker vegetation in the area is largely confined to the enclosure of Preah Khan and the high
mounds associated with archaeological lineaments. The wider landscape is largely cleared for rice
agriculture and highlights the archaeological configuration. The northern flank of the linear mound
of the Jayatataka Dogleg can be seen as a wide linear clearing (Figure 5.16d), for example.
A site was selected at 377018 m E 1489918 m N (UTM), and was in proximity to a well main-
tained modern road. The mound could be clearly distinguished by dense and moderately mature
closed-canopy vegetation growing over its entirety (Figure 5.17a). The height of the mound is com-
parable if not larger than that of the Great North Channel and is curious in that its crest exhibited
a sharp point rather than a broader convexity, at least at the immediate study site. Its morphology
is likely a result of erosion by rainfall and the fact that its crest is not utilised as a modern track.
The movement of materials downslope raises the possibility that the colluvial materials composing
the base of the mound today may partially bury an adjacent prior channel.
As noted from aerial imagery, agricultural clearing extended along the complete length of the
northern flank of the mound. From ground-level, the clearing marked a very subtle depression with
a more pronounced concavity to the south and grading smoothly to the north (Figure 5.17b). The
depression is likely to have been utilised as a rice nursery by the local farmers as there was no
indication of field bunding. Established ricefields occurred to the immediate north (Figure 5.17c).
An erosive and narrow ephemeral channel incision flanked the base of the linear mound to its south
(Figure 5.17d). During the field investigations a local farmer claimed that the ephemeral channel
flowed towards the west during the monsoon season, anecdotally confirming the interpretation made
here of the broader topology. Beyond the ephemeral channel and to the south was a broad but
flat area populated by moderately mature closed-canopy vegetation. The ground surface condition
appeared sandy there, and did not appear to be utilised for agriculture today.
A very thin strip of vegetation was cleared over the high linear mound to facilitate topographic
survey and access for the augering and coring equipment. A 400 m transect was established, centred
at 377026 m E 1490067 m N (UTM) and oriented at 3◦N, approximately orthogonal to the linear
bearing of the mound. A narrow incised channel can be observed south of a high and pointed mound
with a broad open depression to the immediate north (Figure 5.18).
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5. STUDY SITES
(a) High mound obscured by dense vege-
tation, looking southwest.
(b) Broad and slight depression north of
mound, looking east.
(c) Fallowed rice fields north of broad de-
pression, looking north.
(d) Narrow channel to the south of mound,
looking south.
Figure 5.17: Surface morphology at Phoum Pluong.
5.9 Phoum Veal
Phoum Veal is a village located at the northern edge of Siem Reap town and is heavily urbanised.
The site is located to the south and slightly west of the temple Angkor Wat (Figure 5.19a). The
focus of the site was a south-southwest bearing archaeological lineament which is in direct line with
the southwest corner of the moat of Angkor Wat. Due to the apparent spatial association with the
moat of Angkor Wat, the lineament is casually referred to as the Angkor Wat Canal by members of
the Greater Angkor Project. However, Christophe Pottier has pointed out (pers. com.) that there is
no evidence that the lineament ever connected to the moat and that at least one of two enormous
east-west bearing linear mounds (CP807) likely obstructed clear passage. Nevertheless, the name
appears to have stuck and it is used here for convenience of communication.
Christophe. Pottier (1999) maps the archaeological lineament as a channel bounded predomi-
nantly on its western flank by a discontinuous but broad earthen mound (Figure 5.19b). On the
western outskirts of Siem Reap town at Phoum Swei Dankum the lineament intersects an extensive
east-southeast bearing lineament (examined in Section 5.10). The hydrological configuration of that
junction is of some interest but has proved indeterminable from observation of surface morphology
alone. Christophe. Pottier (1999) maps the southern terminus of the Angkor Wat Canal giving
way to an irregular configuration of contemporary ephemeral distributaries of the Siem Reap River.
Smaller archaeological features in the area include small temple sites to the immediate east, and
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Figure 5.18: Topography of, Phoum Pluong
also to the west and south (Figure 5.19b). Small to medium-sized trapeang are also present, some
to the north of the site but also grouped in association with the temple sites.
The broader terrain is flat (Figure 5.19c), although topographic highs are associated with a large
east-west bearing mound to the north (CP807), a broad area to the northeast and the modern road
associated with the right-bank of Siem Reap River in the southeast. The broad area to the northeast
is likely because of dense vegetation growing there (Figure 5.19d).
A study site was selected at 375910 m E 1480391 m N (UTM) and was readily accessible via
contemporary urban infrastructure. The archaeological feature could be clearly identified by the
presence of a deep open-depression with a highly irregular surface, thickly populated by a short grass
and ponded in areas (Figure 5.20a). Local residents indicated that the area had previously been
mined for sand explaining the irregular surface topography. The open-depression was clearly defined
by near-vertical embankments (Figure 5.20b) and had been built upon to the south by wooden and
brick houses (to the left of the image in Figure 5.20a).
Beyond the embankments the landscape was flat as far as it could be determined. No rise in the
landscape that might indicate an earthen mound was detectable on either side, with dense urban
development on the western side and moderate development with some small-scale vegetable crops
to the east (Figures 5.20c and 5.20d).
A 300 m transect was established and centred at 376057 m E 1480360 m N (UTM), oriented
approximately orthogonal to the linear bearing of the mapped lineament at 102◦N. Figure 5.21
presents the measured topography of the transect showing a deep open depression with very irregular
surface.
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5.10. PHOUM THNOL
(a) Deep depression and irregular surface,
looking southwest.
(b) Eastern embankment, looking north-
east.
(c) Flat and semi-urban landscape beyond
eastern embankment, looking east.
(d) Flat and urban landscape west of de-
pression, looking east towards depression.
Figure 5.20: Surface morphology at Phoum Veal.
5.10 Phoum Thnol
Phoum Thnol is named for its location west of Siem Reap on Route National 6 leading to the Thai
border (Figure 5.22a). Thnol means ”road” in Khmer and so the literal translation is ”village on the
road”. The road parallels an extensive southeastern bearing archaeological lineament which emerges
from a curious grid of channels immediately south of the West Baray at its far western corner. From
there the feature bears east-southeast in a remarkably straight course for up to 17 km, roughly
parallel with the regional contour lines, before changing course into a broad curve for up to a further
20 km, south of Roluos. In some contrast to intuitive sense, broad topological analysis conducted
in Chapter 4, has shown that should the lineament have routed water during the Angkorian Period,
then at least the upper channel reach, located west of the Angkor Wat Canal, would have flowed
towards the northwest. Presumably then, it must have been supplied by the Angkor Wat Canal.
Other archaeological features mapped near to the subject lineament include the previously men-
tioned grid of channels located about 4.9 km west-northwest of Phoum Thnol, and the Angkor Wat
Canal 4.5 km to the east-southeast (Figure 5.22b). A north-south bearing channel mapped towards
the west of the site is a contemporary canal that currently drains the West Baray and feeds a modern
irrigation system to the south. Smaller features include dispersed small to large trapeang sometimes
clustered with small temple sites.
The broader terrain is level and flat, emphasised by the clear expression of contemporary in-
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Figure 5.21: Topography of, Phoum Veal
frastructure within the DLSM (Figure 5.22c). Linear topographic lows can be traced along the
contemporary roadways, including Route National 6 and also the Siem Reap ring road, which seems
unusual given those structures are low, but nevertheless prominent mounds. The archaeological
lineament is undetectable in the elevation model, as are smaller archaeological features.
Vegetation in the area is very sparse due to extensive clearing for rice agriculture (Figure 5.22d).
From ground-level a broad horizon could be viewed in most directions, but particularly to the south
towards the great lake Tonle´ Sap.
A study site was selected at 371350 m E 1479845 m N (UTM), which was readily accessible from
a side road of Route National 6. The site was accessible by a track on top of a low and unassuming
linear mound (Figure 5.23a), which was the same mound mapped by Christophe. Pottier (1999) as
the southern embankment of the archaeological lineament. The mound was broad and uniformly
convex, sparsely vegetated and predominantly consisting of a short grass but with a few shrubs and
immature trees in places. At other localities to the east and west the mound was more variable
in its condition and vegetation cover but invariably identifiable in the landscape. In contrast, the
area of ground to the immediate north of the mound showed no visual indication of a depression
(Figure 5.23b).
Ricefields with remnant stubble and degraded bounding bunds occurred on level-flat ground
to the north of the archaeological lineament (Figure 5.23c). Vegetation was sparse there and was
concentrated in proximity to Route National 6 and the adjacent residences. To the south the terrain
was similarly flat although there was some irregular ground towards the southeast. The area there
was entirely cleared of vegetation and trees could only be observed towards the horizon. A new
roadway had been constructed to the immediate south consisting of a low mound of red earth.
A 200 m borehole transect was established and centred at 371402 m E 1479930 m N (UTM),
oriented approximately orthogonal to the linear bearing of the mapped lineament at 31◦N. Figure
5.24 presents the measured topography along the transect showing the mound, but very little surface
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5. STUDY SITES
(a) Low linear mound, looking west-
northwest.
(b) Suspected channel north of mound,
looking west-northwest.
(c) Fallowed rice fields north of linear fea-
ture, looking north.
(d) Fallowed rice fields south of linear fea-
ture, looking south.
Figure 5.23: Surface morphology at Phoum Thnol.
variation on either side.
5.11 Kok Russey
Kok Russey is a village located in the southwest of the Angkor region near an extensive southwest
bearing archaeological lineament (Figure 5.25a). The lineament has been referred to within the
Greater Angkor Project simply as the Southwest Canal due to its relatively unique bearing2 but also
because of its far-western location on the Angkor Plain. In similar configuration to the Southeast
Canal, the Southwest Canal emerges from an unusual grid of channels immediately south of the
southwestern corner of the West Baray. From there, the feature bears south-southwest in a straight
course.
The mapped embankments of the lineament are particularly unusual as they are not continuous,
but instead they consist of isolated and equant mounds (Figure 5.25b). Other archaeological features
include a single small temple site in the immediate area but with others abutting the lineament further
south along its course and then dispersed uniformly in the landscape in all directions. Small trapeang
are also common in the area, a number of which abut the course of the archaeological lineament
defining an edge at its upstream reach.
The broader terrain is level and flat and despite the mound features mapped by Christophe.
2Only the Angkor Wat Canal and the Siem Reap River have equivalent courses.
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Figure 5.24: Topography of, Phoum Thnol
Pottier (1999) being less than about 1 m in height the DLSM (Figure 5.25c) clearly shows raised
areas associated with them. The topographic highs may be caused by the tall vegetation associated
with the mounds (Figure 5.25d), however the very high mound associated with the Great North
Channel is also densely vegetated but is not visually detectable in the same DLSM.
A study site was selected at 363554 m E 1480537 m N (UTM) and was readily accessible by a
well-maintained unsealed road that crossed the archaeological lineament. A western embankment
was defined by a broad but isolated low mound mapped by (Christophe. Pottier 1999) serving as
the site of a modern residential structure (Figure 5.26a). A much smaller isolated low mound to
the east was a possible eastern embankment which was being utilised by a much more modest
residential structure (Figure 5.26b) but which does not appear in Christophe. Pottier’s (1999) map.
The eastern mound was located approximately 50 m from the edge of the mapped channel and was
therefore at an equivalent distance as other bounding mounds but was also considerably smaller and
may not have been well defined in the aerial imagery utilised by (Christophe. Pottier 1999). Between
the two mounds was a broad and flat expanse with no visually discernable depression that might
suggest a prior channel (Figure 5.26c). The broad expanse continued east of the eastern mound
(Figure 5.26d).
A 200 m transect was established and centred at 371402 m E 1479930 m N (UTM), oriented
approximately orthogonal to the linear bearing of the mound at 31◦N. Figure 5.27 presents the
measured topography along the transect showing level-flat ground to the west of a mound and a
narrow incised channel and somewhat lower level ground to the east.
5.12 Discussion
The type of landform observed at each site within the study area was consistently a southwest facing
straight and gently sloping level plain. Indeed, there was no observable non-anthropic variation of
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5.12. DISCUSSION
(a) Isolated and vegetated mound at west-
ern edge of level-flat, looking southwest.
(b) Isolated and vegetated mound at east-
ern edge of level-flat, looking southeast.
(c) Level flat in zone of suspected channel,
looking southeast.
(d) Level-flat east of isolated mound.
Figure 5.26: Surface morphology at Kok Russey.
surface morphology between the sites that could be inferred to have affected decisions of hydrological
engineering besides the existence of perennial drainage lines. For example, the catchment boundaries
calculated and presented in Section 3.1.1 could not be discerned visually from the elevation data
presented here or readily from the ground. It can be inferred that physical alteration of surface
hydrology by crossing those boundaries would be a simple affair, although the consequences of doing
so are more difficult to predict.
5.12.1 The Trans-Puok Collector Zone
The local surface morphology at each site was more varied and particular to the physical character-
istics of the subject archaeological lineament. Within the Trans-Puok Collector Zone the apparent
spatial association between the Far-Northeastern Lineament observed at Peak Sneng Thmei and a
contemporary stream channel flowing past its eastern terminus is immediately suggestive that the
lineament was designed to intercept that drainage line and route flow towards the Great North Chan-
nel. The proposition is supported by earlier topographic analysis in Section 3.2 showing that the
landscape slope dips southwest. Visual and quantitative topographic survey at Peak Sneng Thmei
also demonstrated the existence of an open depression on the upslope side of a low linear mound
that could certainly route water.
The configuration of mound and open depression observed at Peak Sneng Cha shows that the
northern reach of the Great North Channel would have been able to accept recharge from the Far-
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Figure 5.27: Topography of, Kok Russey
Northeastern Lineament and route it southwards. A broad open depression on the eastern flank of a
high prominent mound was observed visually and documented here quantitatively, with topographic
analysis in Section 3.2 showing the landscape slope dipping towards the south. Geophysical results
presented in Section 4.3.1 also show that a depth of channel sediments likely exist within the zone
of the open depression supporting the Great North Channel as having been a major route of flow.
However, despite convincing surficial evidence for the Great North Channel being a former Angkorian
channel, the presence of the high linear mound appeared inhibitive to the distribution of water to
the west for potential irrigation. Despite the existence of a deep breach through the mound at Peak
Sneng Cha, there was no morphological evidence that a substantial flow of water had passed through
it as the juncture between the base of the cut and the embankment wall was angular. Neither was the
breach associated with a confluencing archaeological lineament on the western side of the mound.
A narrow open depression on the western side and oriented parallel to the mound appeared to be an
ephemeral incision. Observation of the local surface morphology suggested it would flow north and
then eastward through the breach when active. The case for Angkorian irrigation in the Trans-Puok
Collector Zone would therefore only be feasible east of the Great North Channel.
5.12.2 The Cis-Puok Collector Zone
The greater number of sites examined within the Cis-Puok Collector Zone was justified by the
greater diversity in the surface morphology of the observed archaeological lineaments. Despite the
clear bisection of the seemingly continuous lineament by the Puok River, the southern reach of the
Great North Channel observed at Phnom Dei exhibited an equivalent configuration to the northern
reach at Peak Sneng Cha. A broad open depression was observed on the eastern flank of a high
prominent mound, however, another open depression was also observed on the western side of the
mound. In this case the broad and shallow western depression was clearly not an incisive ephemeral
109
5.12. DISCUSSION
channel, deep and narrow, as observed at Peak Sneng Cha. The implication is that within the Cis-
Puok Collector Zone water may not only have been distributed southwards along the Great North
Channel, but also west of the high linear mound.
The Lesser North Lineament observed at Phnom Dei has a clear spatial association with the
Puok River, its northern terminus abutting the course of the stream channel, although its status as a
channel is unclear. Some geophysical evidence of subsurface sediments along its southern reach were
found in Section 4.3.6, however, no trace of an open depression was observed at Kok Kooul, although
less shrubs were observed there and a distinctive population of short grass. Nevertheless, should a
buried channel exist, earlier topographic analysis shows that water would be routed southwards in
imitation of the Great North Channel.
In contrast to the irregular courses observed within the Trans-Puok Collector Zone, the observed
east-west bearing archaeological lineaments within the Cis-Puok Collector Zone were cardinally ori-
entated, potentially suggesting an alternative function than simple collectors. For example, the
east-west bearing and extensive length of the Eastern Lineament makes it a good candidate as a
former irrigation canal as it would have facilitated distribution of water across the Cis-Puok Collector
Zone. The lineament has previously been inferred to have flowed towards the east suggesting it to
have been a distributor routing water away from the primary route of the Great North Channel.
However, the topographic analysis in Section 3.2 found that the slope along the lineament dips to
the west, indicating its likely point of recharge to have been the Siem Reap River, and its point of
discharge the Great North Channel. In that regard, presuming the lineament did act as a channel,
it would have acted as a collector in the original sense of Kummu (2003, 2009). At Trapeang Svay
there was no discernable trace of an open-depression associated with a low linear mound, although
a modern ricefield bund suggested a possible northern boundary. Geophysical imagery presented in
Section 4.3.9 also shows strong reflectors in geophysical imagery observed immediately north of the
mound, suggesting a buried channel exists in association with the Eastern Lineament.
The east-west bearing reach of the Jayatataka Dogleg observed at Phoum Pluong has similarly
been suggested to have routed water towards the east, in this case recharging the Jayatataka along
its unique dogleg configuration. The topographic analysis presented in Section 3.2 again refutes
the prevalent interpretation, showing that water could only have flowed away from the baray and
towards the Great North Channel. Certainly, an open depression could be traced on the upslope
side of a high linear mound at Phoum Pluong, immediately indicating that former channelised flow
was feasible. An unexpected observation at Phoum Pluong was the shape of the topographic
profile over the high mound, which rose to a sharp peak. Linear Angkorian mounds have invariably
been interpreted as roads, but the sharp peak observed here would have been impractical as a
transportation route. Potentially the sharp peak has developed from the action of rainsplash erosion,
however, the observation has interesting implications for the Angkorian use of the linear mounds and
is highlighted here to encourage further investigation.
5.12.3 The Southern Distributor Zone
The surface morphology of sites observed within the Southern Distributor Zone was markedly dif-
ferent to those observed within the collector zones to the north. Variability between the sites of the
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Southern Distributor Zone also appeared greater than that observed between sites to the north. The
Angkor Wat Canal observed at Phoum Veal showed a broad and deep open depression coincident
with the archaeological lineament mapped by Christophe. Pottier (1999), however, there was no
linear mound associated with the open depression. Christophe. Pottier’s 1999 map indicates that a
continuous mound previously existed at the western flank of the open depression but not on the east,
where only traces of an embankment were mapped. The mound may therefore have been removed
during urbanisation of the surrounding area. The former presence of a western mound may explain
the interesting result of the topographical survey at Phoum Veal, where the ground surface to the
east of the open depression was found to be approximately 0.5 m higher than the ground surface
to the west. In the presence of a western mound, it is feasible that overbank flooding may have
contributed sediments only to the ground surface to the east, suggesting that a buried Angkorian
surface may exist there. Broader topographic analysis presented in Section 3.2 shows that the land-
scape slope along the Angkor Wat Canal dips towards the west southwest, which would have caused
any water flow to have been routed in that direction, the shortest route towards the Tonle´ Sap.
The Southeast Canal at Phoum Thnol exhibited a low linear mound but with no clear trace of
an associated open depression, however, geophysical evidence presented in Section 4.5.2 suggests
that a buried channel exists on the upslope side of the mound. Indeed, previous research of the
Southeast Canal at Phoum Swei Dankum has demonstrated the existence of channel sediments in
that configuration (Samuel. Player 2005). More broadly, the topographic slope along the Southeast
Canal has been shown in Section 3.2 to dip towards the west northwest, in contrast to the accepted
a priori model which supposes water from the West Baray was distributed east southeast to the
Tonle´ Sap. While the new result cannot discount the accepted model, given the very gentle slope
and potential errors in the utilised DLSM, it removes the requirement for southeast distribution. In
that scenario the lack of a hydraulic outlet in the southwest corner of the West Baray is unnecessary
and water can be inferred to have been distributed from the Angkor Wat Canal across the southern
plains of the Angkor region.
The Southwest Canal has a similar bearing to the Angkor Wat canal, extending from the south-
west corner of the West Baray across the regional contours to the Tonle´ Sap. However, the surface
morphology is markedly different and is defined by a concentration of discontinuous and equant
earthen mounds. At Kok Russey a mound observed near the western terminus of the stud transect
does not appear in Christophe. Pottier’s (1999) map but it was reasonable to assume that it formed
a part of the equant mounds marking the course of the lineament. The measured topographic profile
found only slight evidence of a depression on the western side of the mound but more interestingly
found the ground surface on the western side to be up to 0.5 m higher than the ground to the east.
5.13 Conclusion
Clear differences exist between the surface morphological characteristics of the observed study sites,
within the modified hydrological management zones defined in Chapter 4. Within the Trans-Puok
Collector Zone detailed ground observation of the observed archaeological lineaments suggests that
they would have acted to capture flow from the local drainage lines and distribute in a direct and
111
5.13. CONCLUSION
singular southern route. The interpretation therefore agrees with that of Kummu (2003, 2009) who
coined the zone as a “collector” system. The Cis-Puok Collector Zone exhibits similarities in that
direct southward routing of water can be inferred from the existence of two major north-south bear-
ing archaeological lineaments. Both have direct association with a contemporary stream channel
and at least one exhibits morphological evidence of channel characteristics. The east-west bearing
lineaments would similarly have been able to route water towards the Great North Channel, if they
can be shown to have existed as channels. It supports Kummu’s (2003; 2009) interpretation of the
zone as a “collector” system, however, the orientation of the lineaments are cardinal rather than the
irregularly oriented lineaments within the Trans-Puok Collector Zone. Potentially, the alternative
configuration might suggest an alternative function. The surface morphology observed at archaeolog-
ical lineaments within the Southern Distributor Zone was substantially different. The prominence of
the associated linear mound was either substantially reduced, discontinuous or absent. The presence
of an associated open depression was predominantly difficult to discern, even quantitatively. The
only instance it was observable was the result of historical sand mining operations. What remains
to be demonstrated is whether each of the observed lineaments actually routed water in the past.
In the subsequent chapter, subsurface sediments sampled in a transect across the archaeological
lineament will be examined to assess whether water had previously flowed there and document the
stratigraphic sequence.
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Chapter 6
Stratigraphic Differentiation and
Correlation
6.1 Introduction
In the previous chapter, nine study sites at archaeological lineaments suspected to have been associ-
ated with major recharge and discharge channels of the Angkorian water management system were
selected for study and geomorphological documentation. Despite the presence of a linear mound, the
expression of an adjacent open-depression varied between sites considerably. It could not therefore
be certain whether the associated open depressions had previously routed water and were now filled
with sediments. This chapter presents a borehole survey that aims to identify the presence of a
former channel, and where a channel is shown to occur, document the stratigraphy by particle-size
analysis for subsequent interpretation of hydrological history.
6.2 Methods
6.2.1 Borehole Sampling
The borehole method is fundamental to near-surface geological studies, where sampling by more basic
excavation strategies are largely unfeasible, such as in lake (Penny 2006) and riverine (Tamura, Saito,
Sieng, Ben, Kong, Choup, et al. 2007) environments. Similarly, correlation of deep stratigraphic
sequences recorded in borehole logs can be used to characterise alluvial architecture for the detection
of petroleum reservoirs (Bridge and Tye 2000). The method is also used for sampling in shallower
terrestrial studies, including palaeochannels investigation (Triantafilis et al. 2003). In archaeological
applications the use of borehole sampling tends to take on a more exploratory role, utilising the
efficiency of the method to develop an excavation strategy (Ammerman et al. 2008; Bailey and
Thomas 1987; Christophe. Pottier 2004). In particular the method has been used in assessing
sediments sampled from ancient canals (R. E. Jones et al. 2000).
The simplest borehole equipment used in terrestrial surveys include hand-operated screw-type
augers and corers. Hand-operated types were available to the current project and the reader is
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referred to the review by Woodward and Sloss (2013) for discussion of more complex equipment.
Hand-held augers usually consist of a rod with a cross-handle attached to one end and an auger head
on the other. Samples are collected by applying a twisting motion and downward pressure to the
handle, causing the auger head to dig into the substrate. Greater depths can usually be sampled by
removing the handle and attaching extension rods. A variety of auger head types exist including spiral
or helical blades, sometimes encircling a central rod, or otherwise used to encourage materials into
a small chamber. The twisting motion of these designs invariably cause the sample to disaggregate,
destroying some physical properties prior to observation and documentation. Alternatively, cutting
teeth fixed to a circular sampling chamber allow the retrieval of relatively in-tact specimens. In
general though, the quality of observation tends to be poorer for auger samples due to physical
modification of the sample by the augers twisting motion. Hand-operated corers for terrestrial
sampling invariably employ percussion methods to drive a sampling tube into the substrate. The
method is somewhat preferable over rotary-style augers as they do not destroy the structural integrity
of the sample, although some compression and smearing is usual (Ammerman et al. 2008).
Borehole equipment available from the Greater Angkor Project’s equipment repository included
a general-purpose Dormer branded auger1 (SOS7510C) and a Clements Associates branded JMC
Environmentalist’s Sub-Soil Probe Plus (PN425)2. The Dormer auger was an extremely robust
helical-bladed design with a bucket chamber, the available model having a cutting-head of 75 mm
diameter. Both the sampler and extensions were of 1 m lengths, and extensions were available to
probe a maximum depth of 6 m. The JMC Environmentalist Subsoil Probe Plus included a sampling
tube, a guided hammer apparatus, and a lever system to retrieve the core. The sampling tube was
constructed of solid heat-treated 4130 alloy steel barrel with nickel-plating forming a solid barrel
with an outer diameter of 1.125”. Available Extensions permitted sampling to a depth of 15’. The
sampling barrel accepted 3’ lengths of plastic PETG tube liners, which were secured into the barrel
by a screw-threaded cutting-tip. For moist clay samples, a particularly common material on the
Angkor Plain, the tube liners often need to be cut to gain access to the sample, whereas drier
materials could simply be evacuated from the tube by gravity. To retrieve samples from flooded
environments, an improvised percussion corer was constructed at a machining shop in Siem Reap.
The design simply included a short cylinder, halved along its length, that could be clamped around
locally-available PVC piping Figure 6.1. A hammer was constructed by welding handles to a heavy
and thick circular disk with a hole at its center. Preference of use was generally given to the auger,
as the corer had been previously well utilised and was suspected not to be able to endure the current
program. Another deciding factor was that the auger did not require consumables. At an ongoing
cost of US$4.92 per tube liner at the time of investigation, the percussion corer was somewhat
cost-prohibitive.
At each study site, boreholes were sampled at topographic highs and lows and also at the transect
termini. Detailed field logs of each borehole can be found in Appendix A.
1Dormer Soil Samplers, PO Box 5007, Murwillumbah South, NSW 2484, Australia.
2Clements Associates Inc., 1992 Hunter Avenue Newton, IA 50208, USA.
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Figure 6.1: An improvised percussion corer used for sampling wet environments.
6.2.2 Particle-size Analysis
The Angkor Plain is almost entirely composed of alluvial sediments ranging from coarse fluvial sands
and occasional gravels to floodplain silts. Differentiation of those extreme end-members is possible
by simple field observation, but intermediaries such as finer fluvial deposits are difficult to distinguish.
In particular, Samuel. Player (2005) observed difficulty in determining by field observation whether a
finer material below the main sandy channel deposit at Phoum Swei Dankum was fluvial, or simply
pre-Angkorian basal regolith. In that study, particle-size analysis using sieve and pipette methods
was found to show some success of stratigraphic differentiation and correlation using principal com-
ponents analysis of measured distributions. Particle-size analysis is therefore an essential procedure
for stratigraphic differentiation and correlation on the Angkor Plain.
A total of 816 subsamples were recovered from 57 selected boreholes, into 75 × 125 mm × 50 µm
UV stabilised zip-lock polypropylene bags. The samples were transported to the Robert Christie Re-
search Center in Siem Reap and prepared for shipment to the University of Sydney, Australia. The
top of each opened bag was pierced by modified metal coat hangers, which were unwound and one
end refashioned into a u-shaped hook, so that the the hangar could be quickly opened and reformed
to add and remove samples. Ten to 15 open bags were suspended on a hanger, each of which were
then hung on a rail system constructed from welded steel piping. The samples were suspended and
agitated daily to promote airflow inside the sample bags, until they were air-dry. The samples were
then packaged prior to shipment. On arrival in Sydney, the samples were immediately transported
to a commercial quarantine facility3 where they were gamma irradiated. Each sample was then
weighed and ground with a mortar and pestle before being passed through a 2 mm aperture sieve.
Care was taken not to crush mineralogical grains during the grinding procedure, but many samples
had become hard-set in the drying process and friable nodules could not always be preserved and
excluded from the <2 mm fraction. Nodulated material retained on the >2 mm sieve was removed
3Steritech, 5 Widemere Road, Wetherill Park, NSW, 2164. http://www.steritech.com.au/
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before weighing the remaining mineralogical clasts, which were then expressed as a weight percent-
age of the total sample. Each sample, including the various weights measured were recorded in a
spreadsheet and uploaded to a PostgreSQL database.
Ninety six flat-bottomed high-density polyurethane centrifuge tubes were labelled sequentially
for use in rotating batch analyses, split into two batches of 48 samples. For each batch, a centrifuge
tube was placed on a three-point balance and tared before adding approximately 0.5 g of sample,
recording the sample name, tube number, and sample weight. Each weighed sample was then
treated for the removal of organic materials by adding 5 mL 30% H2O2 and agitating until mixed.
The samples were allowed to digest for at least 8 hrs after which they were placed in a hot-water
bath and slowly heated to 70◦C for 1 hour to break down the H2O2 and evaporate the slution to
a near-paste. Each sample tube was filled to 15 mL with a half-saturated saline solution. Samples
were analysed for particle-size using a Malvern Mastersizer 2000.
Summary statistics of each particle-size distribution were calculated Gale and Hoare (1991)
and biplots of the graphical skewness plotted against the graphical mean. Equivalent symbology
was used for data points of the same borehole, excepting for the borehole regarded to represent
the channel center. The channel center borehole was instead marked by integers representing the
subsample depth in centimetres. The center channel stratigraphy would be expected to include at
least two units, the channel fill and the basement materials. By representing the center channel
by depth integers, it can be demonstrated whether the lower profile can be differentiated from the
upper profile by simple Euclidean distance. Furthermore the channel unit representing the basement
materials would be expected to cluster with the non-channel lower units.
6.3 Results
6.3.1 The Trans-Puok Collector Zone
Peak Sneng Thmei
Figure 6.2 presents the plan-view configuration of boreholes in relation to the low linear mound at
Peak Sneng Thmei. A summary log of basic properties are presented in Table 6.1.
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6.3. RESULTS
Table 6.1: Summary of borehole logs recorded at Peak Sneng Thmei.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1000 auger
0.00 - 0.82 7.5YR 6/4 (moist) loamy sand moist
0.82 - 2.35 7.5YR 6/4 (moist) sandy clay moist
2.35 - 2.65 10YR 7/2 (moist) clay moist
2.65 - 2.91 10YR 7/2 (moist) clay moist
2.91 - 3.00 10YR 7/2 (moist) clay very wet
AUG-1067 auger
0.00 - 0.25 10YR 5/2 (moist) clay loam moist
0.25 - 0.80 10YR 6/4 (moist) sandy clay dry
0.80 - 1.40 7.5YR 7/3 (moist) sandy clay moist
1.40 - 1.80 10YR 7/2 (moist) clay moist
1.80 - 2.15 10YR 7/2 (moist) clay moist
2.15 - 2.60 10YR 7/2 (moist) clay moist
2.60 - 3.00 10YR 7/2 (moist) clay moist
AUG-1091 auger
0.00 - 2.85 10YR 7/3 (dry) loamy sand dry
2.85 - 3.20 10YR 5/4 (moist) sandy clay moist
3.20 - 3.50 10YR 6/3 (moist) clay moist
3.50 - 3.82 10YR 7/2 (moist) clay moist
3.82 - 4.00 10YR 7/2 (moist) clay moist
AUG-1107 auger
0.00 - 0.55 10YR 6/3 (moist) clay dry
0.55 - 1.45 10YR 7/3 (moist) sandy clay moist
1.45 - 2.25 10YR 7/1 (moist) clay moist
2.25 - 2.65 10YR 7/2 (moist) clay moist
2.65 - 3.00 10YR 7/2 (moist) clay very wet
AUG-1140 auger
0.00 - 0.20 10YR 4/3 (moist) sandy loam dry
0.20 - 0.95 10YR 6/3 (moist) sandy loam dry
0.95 - 2.45 10YR 6/3 (moist) sandy clay moist
2.45 - 2.90 10YR 7/2 (moist) sandy clay moist
2.90 - 3.60 10YR 7/1 (moist) clay wet
3.60 - 4.00 10YR 7/1 (moist) clay wet
AUG-1200 auger
0.00 - 0.60 10YR 6/4 (moist) sandy clay loam dry
0.60 - 2.25 10YR 7/3 (moist) sandy clay moist
2.25 - 2.65 10YR 7/3 (moist) clay wet
2.65 - 2.95 10YR 7/3 (moist) clay wet
2.95 - 3.10 10YR 7/2 (moist) clay wet
AUG-1000
Control sample AUG-1000 was extracted from the southern terminus of the transect. The field log
indicates 0.8 m of fine loamy sand, overlying fine sandy clay to 2.35 m and then clay to 3 m.
Redoximorphic features occur throughout the profile, including the sandy units, but increase in
frequency and become more prominent in the lower clay unit.
AUG-1067
Borehole sample AUG-1067 was extracted from a very slight topographic low, immediately south of
the linear mound. The field log indicates a thin unit of fine clay loam to 0.25 m overlying fine
sandy clay to 1.4 m and then clay to 3 m. Redoximorphic features occur throughout the profile and
increase in frequency in the lower clay unit, becoming more prominent.
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AUG-1091
Borehole sample AUG-1091 was extracted from the top of the low linear mound dissecting the site.
Deep and homogeneous fine loamy sand extends to 2.85 m and overlays a thin unit of fine sandy
clay to 3.2 m and then clay to 4 m. The sandy clay/clay interface is around 1 m below the base of
the ground surface adjacent to the mound, similar to that observed in the control borehole AUG-1000,
but deeper than the adjacent and previously described borehole AUG-1067.
AUG-1107
Borehole sample AUG-1107 was extracted from the open depression, immediately north of the linear
mound. The field log indicates an upper unit of clay to 0.55 m overlying fine sandy clay to 1.45 m
and then clay to 3 m. Redoximorphic features occur throughout the profile and increase in frequency
in the lower clay unit and becoming more prominent. A substantial increase of redoximorphic features
is notable in the upper clay unit in the lower part of the sequence.
AUG-1140
Borehole sample AUG-1140 was extracted from a a topographic high immediately north of the open
depression. The field log indicates sandy loam to 0.95 m overlying sandy clay to 2.9 m and then
clay to 3 m. Redoximorphic features occur throughout the profile and become more frequent and
prominent in the lower clay units. A substantial increase of redoximorphic features occurs in the
lower sandy clay unit at an equivalent depth range to the similar increase observed in the upper clay
unit in the lower part of the borehole AUG-1107.
AUG-1200
Control sample AUG-1200 was extracted from the northern terminus of the transect. The field log
indicates 0.6 m of fine sandy clay loam overlying fine sandy clay to 2.25 m and then clay to 3.1 m.
Redoximorphic features occur throughout the profile but increase in frequency and become more
prominent in the lower clay unit. A substantial increase of redoximorphic features occurs in the
upper and lower clay units in the lower part of the sequence, at equivalent depth range as similar
increases observed in borehole samples AUG-1107 and AUG-1140.
Particle-size Analysis
Figure 6.3 shows the calculated summary statistics (phi-scale), of inclusive graphic skewness plot-
ted against graphic mean for the entire subsample population collected from Peak Sneng Thmei.
Borehole AUG-1107 was sampled from an open-depression immediately upslope of a low linear mound
and is labelled in the plot by integers representing depth in cm. Samples from borehole AUG-1140
can be seen to cluster together to the right. Those samples are derived from the low linear mound
and therefore demonstrates successful differentiation of materials formed by different depositional
processes. Two other clusters can be observed in the biplot, one central and one to the left. The
remainder of subsamples from borehole AUG-1140, sampled at the mound, are associated with the
central cluster, as are all subsamples derived from borehole AUG-1107, which was extracted from the
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open-depression. All other boreholes are distributed between the central and left cluster with the left
cluster tending to derive from the upper profile of borehole samples. The central cluster therefore
represents basal materials common to all boreholes. The left cluster is common only to boreholes
located away from the mound and open-depression and can be deduced to represent the upper units
of those boreholes. The cluster to the right is associated only with the mound. Given that borehole
AUG-1107, sampled from the suspected center of the channel, shows complete association with the
basal materials of the other boreholes, it is deduced that no depositional sediments occur and the
channel morphology is the same as it was during its operation during the Angkor Period.
;
Figure 6.3: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Peak Sneng
Thmei. Borehole AUG-1107, sampled from an open-depression immediately upslope of a low linear mound is
labelled according to depth (cm).
The downhole trends of mean particle-size are presented in Figure 6.4 in relation to the transect
topography. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. Comparing the wiggles of the plots, the trend across the transect
is similar with each borehole showing a relatively uniform lower profile and a gradual fining-upwards
trend in the upper profile. Borehole AUG-1107, sampled from the open-depression immediately upslope
of a low linear mound, shows no substantial variation to adjacent boreholes, although the upper unit
of boreholes AUG-1067 and AUG-1107 both exhibited abrupt fining. The graphic mean plotted with
depth therefore supports the interpretation of the biplot presented previoulsy.
Peak Sneng Cha
Figure 6.5 presents the plan-view configuration of boreholes in relation to the high linear mound,
with the topographic cross-section inset. The open-depression flanking the east of the mound can be
clearly seen, as can the ephemeral channel on the western flank. A summary log of basic properties
are presented in Table 6.2.
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Table 6.2: Summary of borehole logs recorded at Peak Sneng Cha.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1000 auger
0.00 - 0.75 10YR 4/4 (moist) sandy loam dry
0.75 - 2.70 7.5YR 6/3 (moist) sandy clay loam moist
2.70 - 3.00 10YR 7/1 (moist) clay wet
AUG-1063 auger
0.00 - 0.55 7.5YR 5/3 (moist) sandy loam moist
0.55 - 0.65 7.5YR 6/4 (moist) sandy loam moist
0.65 - 1.30 7.5YR 7/3 (moist) sandy clay moist
1.30 - 1.50 10YR 7/2 (moist) clay moist
1.50 - 2.00 10YR 7/1 (moist) clay wet
COR-1100 core
0.00 - 0.55 10YR 6/4 (moist) clay dry
0.55 - 3.25 10YR 7/2 (moist) clay dry
3.25 - 4.18 7.5YR 6/4 (moist) sandy clay dry
4.18 - 4.80 10YR 6/3 (moist) clay dry
4.80 - 5.80 7.5YR 6/3 (moist) clay moist
5.80 - 6.44 10YR 7/2 (moist) clay moist
AUG-1136 auger
0.00 - 0.55 7.5YR 5/4 (moist) loamy sand moist
0.55 - 1.80 7.5YR 6/4 (moist) sand wet
1.80 - 2.00 7.5YR 7/3 (moist) clay very wet
AUG-1164 auger
0.00 - 0.40 10YR 4/4 (moist) sandy loam dry
0.40 - 0.90 7.5YR 6/3 (moist) clay moist
0.90 - 1.70 10YR 7/1 (moist) clay moist
1.70 - 3.00 10YR 7/1 (moist) clay wet
AUG-1200 auger
0.00 - 0.35 10YR 4/3 (moist) clay dry
0.35 - 0.80 10YR 6/3 (moist) clay moist
0.80 - 1.50 10YR 7/2 (moist) clay moist
1.50 - 2.25 10YR 7/1 (moist) sandy clay loam wet
2.25 - 2.65 2.5Y 5/4 (moist) sandy loam wet
2.65 - 3.85 10YR 7/1 (moist) clay wet
AUG-1000
Control sample AUG-1000 was extracted from the western terminus of the transect. The field log
records fine sandy loam to 0.75 m overlying fine sandy clay loam to 2.7 m and then clay to 3 m.
Redoximorphic features become distinct in the lower clay unit, increasing in frequency.
AUG-1063
Borehole sample AUG-1063 was extracted from a narrow open depression adjacent to the western flank
of the linear mound. The field log records fine sandy loam to 0.65 m overlying fine sandy clay to
1.3 m and then clay to 2 m. Redoximorphic features become more frequent and prominent in the
lower clay units, and were particularly prominent in the upper clay unit, below the interface with
fine sandy clay.
COR-1100
Borehole sample COR-1100 was extracted from the top of the high linear mound. Down-profile texture
was remarkably consistent and logged predominantly as clay. A unit of fine sandy clay occurs between
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3.25 and 4.18 m demonstrating the existence of some stratigraphic structure to the deposit. Indeed,
the variation in the frequency, prominence and colour of redoximorphic features throughout the
profile is likely to be a response to variations in water holding capacity due to slight variations
in particle-size distribution. The length of core was enough to intersect the base of the mound,
assuming it was simply emplaced onto an unprepared prior ground surface. However, the boundary
was undetectable by visual observation, although potentially it is marked by a slight decrease in
frequency of redoximorphic features from 5.8 m depth.
AUG-1136
Borehole sample AUG-1136 was extracted from a wide open depression to the east of the mound. The
field log records an upper unit of loamy sand to 55 cm, loamy sand to 180 cm and then clay to
200 cm. The basal clay was similar in texture, colour and consistence to other clay units observed
in the lower sequence of boreholes at Peak Sneng Cha, and was interpreted in the field to be the
pre-Angkorian substrate.
AUG-1164
Borehole sample AUG-1164 was extracted from the rise immediately adjacent to, and east of the
wide open depression. The field log records fine sandy loam to 0.4 m depth overlying clay to 3 m.
Redoximorphic features become gradually more frequent and prominent with depth in the lower clay
units.
AUG-1200
Control sample AUG-1200 was extracted from the eastern terminus of the transect. The field log
records clay to 1.5 m depth, overlying fine sandy clay loam to 2.25 m, and then a thin unit of
medium sandy loam to 2.65 m. The lowest unit was composed of clay to 3 m. The thin unit of
medium sandy loam appeared fluvial in origin; the sand component was moderately well sorted and
the loam descriptor referred to the presence of clay within the interstices, causing a very sticky
consistence. The greenish colour of the unit indicates it to be reduced relative to materials above
and below it, suggesting it may be part of a very shallow and thin semi-confined aquifer. The unit
is interpreted here as a very old, certainly pre-Angkorian, fluvial unit.
Particle-size Analysis
Particle-size distributions of subsamples extracted from borehole AUG-1136 could be distinguished
graphically from the total subsample population from Peak Sneng Cha. Figure 6.6 shows a biplot
of inclusive graphic skewness plotted against graphic mean, with subsamples of borehole AUG-1136
labelled according to depth. Subsamples 20 to 160 cluster below the broader sample population of
the biplot. Subsamples 180 to 200 appear to be outliers of the entire sample population, clustering
together at the bottom right. The apparent difference between the lowest subsamples from borehole
AUG-1136 and the adjacent basal clay materials might suggest that the base of the channel had not
been sampled and that the clay observed was simply part of the channel-fill sequence. Nevertheless,
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until a deeper borehole is sampled for confirmation, the gradual fining-upwards observation for the
channel profile of the Great North Channel is accepted here.
;
Figure 6.6: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Peak Sneng
Cha. Borehole AUG-1136, sampled from a broad open-depression immediately east of a high linear mound is
labelled according to depth (cm).
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.2. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.7 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. Extracted from the open-depression, borehole AUG-1136 can be
seen to be substantially different to the majority of adjacent boreholes. The lower profile coarsens
abruptly, but then gradually becomes finer in an upward trend to the contemporary ground surface. In
agreement with the biplot, the lowest subsamples, described as clay in the field, are not equivalent
to the adjacent floodplain clays. An abrupt coarsening of the lower profile of AUG-1200 appears
to correlate with the lower profile of borehole AUG-1136, however, the sequence is not repeated in
the intermediate borehole AUG-1164, suggesting that the similarities of sequence are coincidental.
Borehole AUG-1164, and those to the west, inclusive of the high linear mound, were found to have
reasonably uniform mean distributions.
6.3.2 The Cis-Puok Collector Zone
Phnom Dei
A 300 m borehole transect was established, centred at 376476 m E 1495052 m N (UTM) and ori-
ented approximately orthogonal to the mound’s linear bearing at 91◦N. The planview configuration
of borehole samples in relation to the mapped archaeology of D. Evans (2007) is presented in Figure
6.8 with an inset figure of the measured topographic cross-section. The two open depressions are
clearly mapped as channels divided by a broad earthen mound, which is also clearly captured by the
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6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
measured topology. Boreholes were targeted at topographic highs and lows and also at the transect
termini. Detailed field logs of each borehole can be found in Appendix A.3, however, a summary log
of basic properties are presented in Table 6.3.
Table 6.3: Summary of borehole logs recorded at Phnom Dei.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1000 auger
0.00 - 0.25 10YR 4/3 (moist) sandy clay loam moist
0.25 - 0.80 10YR 6/4 (moist) clay moist
0.80 - 1.20 10YR 7/1 (moist) clay moist
1.20 - 1.70 10YR 7/1 (moist) clay moist
1.70 - 2.20 10YR 7/1 (moist) clay moist
2.20 - 3.00 10YR 7/1 (moist) clay wet
AUG-1067 auger
0.00 - 0.30 10YR 4/3 (moist) sandy loam moist
0.30 - 1.10 10YR 6/4 (moist) clay moist
1.10 - 1.50 10YR 6/1 (moist) sandy clay moist
1.50 - 1.75 10YR 7/1 (moist) clay very wet
1.75 - 3.00 10YR 7/1 (moist) clay wet
COR-1151 core
0.00 - 0.75 10YR 5/6 (moist) clay moist
0.75 - 3.84 10YR 7/2 (moist) clay dry
3.84 - 4.55 7.5YR 7/3 (moist) clay moist
4.55 - 6.62 10YR 7/2 (moist) clay moist
COR-1182 core
0.00 - 0.29 10YR 5/1 (moist) silty clay moist
0.29 - 0.40 10YR 5/3 (moist) sandy clay moist
0.40 - 0.75 10YR 5/1 (moist) clay moist
0.75 - 1.44 10YR 6/4 (moist) sand moist
1.44 - 1.78 10YR 7/2 (moist) clay moist
AUG-1300 auger
0.00 - 0.25 10YR 4/4 (moist) sandy loam moist
0.25 - 1.10 10YR 5/6 (moist) sandy clay moist
1.10 - 2.25 10YR 7/2 (moist) clay moist
2.25 - 3.00 10YR 7/2 (moist) clay moist
AUG-1000
Control sample AUG-1000 was extracted from the western terminus of the transect. The field log
records fine sandy loam to 0.25 m overlying clay to 3 m. Variation in the frequency and prominence
of redoximorphic differentiated the clay material. A substantial increase of redoximorphic features
was noted between 1.7 m and 2.2 m depth.
AUG-1067
Borehole sample AUG-1067 was extracted from within a shallow depression to the west of the high
linear mound. The field log records a surface unit of fine sandy loam to 0.3 m overlying clay to
1.1 m, then sandy clay to 1.5 m and clay to 3 m. Redoximorphic features occur throughout the clay
materials but are particularly prominent immediately beneath the sandy clay unit, predominantly
including orange types but fewer red examples.
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6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
COR-1151
Borehole sample COR-1151 was extracted from the top of the high linear mound. The field log records
a continuous clay profile to 6.62 m. Differentiation of the profile was achieved primarily through the
frequency and colour of redoximorphic features, with a notable increase occurring between 3.84 and
4.55 m.
COR-1182
Borehole sample COR-1182 was extracted from an open depression flanking the high linear mound to
its east. The field log records fine silty clay to 0.29 m overlying fine sandy clay to 0.4 m, then dark-
coloured clay to 0.75 m and coarse sand to 1.44 m, overlying clay to 1.78 m. The lower clay unit
was accepted as the basal substrate due to its very light colour and the presence of redoximorphic
features, a characteristic of other basal clays observed in the substrate of the Angkor Plain.
AUG-1300
Control sample AUG-1300 was extracted from the eastern terminus of the borehole transect. The
field log records fine sandy loam to 0.25 m overlying fine sandy clay to 1.1 m, then clay to 3 m.
Redoximorphic features occur throughout the clay materials and are slightly more frequent and
redder in the upper clay unit.
Particle-size Analysis
High resolution particle-size analysis was conducted on subsamples extracted at 20 cm depth-
increments for each borehole sampled at Phnom Dei. Figure 6.9 shows the calculated summary
statistics (phi-scale), of inclusive graphic skewness plotted against graphic mean for the entire sub-
sample population. Subsamples extracted exclusively from borehole COR-1182, which was sampled
from a broad open-depression immediately east of the high linear mound, are labelled in the plot
according to depth. Subsamples extracted between 130 and 40 cm from borehole COR-1182 pre-
dominantly cluster towards the lower-left of the plot and are clearly differentiated from the main
population of subsamples extracted from the adjacent boreholes. That cluster may be differentiated
further into lower-left and upper-right groups, the upper-right group being composed of subsamples
higher in the profile at 50 and 60 cm. Samples 20 and 40 are associated with clay materials and are
further differentiated by clustering together towards the center of the plot. The basal samples 130,
140 and 150 cluster together with the main subsample population, indicating that these samples are
related to the floodplain materials.
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.3. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.10 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. The general trend is for the floodplain profiles to exhibit a
relatively uniform profile, but with borehole AUG-1000 fining-upwards slightly and AUG-1300 coarsening-
upwards slightly. Borehole AUG-1300 also exhibits an abrupt fining approximately 0.5 m below the
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;
Figure 6.9: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Phnom Dei.
Borehole COR-1182, sampled from a broad open-depression immediately east of a high linear mound is labelled
according to depth (cm).
surface, but at the equivalent elevation of the ground surface to the west of the high linear mound.
The base of the high linear mound in borehole COR-1151 appears to be marked by an abrupt coarse
unit at similar level to the adjacent ground surface to the west. Borehole COR-1182, sampled from
the broad open-depression immediately east of the high linear mound, coarsens-upwards from 120
to 90 cm, above which it gradually fines-upwards to 50 cm, and then abruptly fines to the surface.
Borehole AUG-1067, sampled from the open-depression west of the high linear, exhibited a slight
coarsening-upwards profile, but more markedly so at the immediate surface.
Kok Kooul
The low linear mound dissecting the site from north to south was clear apart from some scrubby
vegetation west of the mound, which was thinned to assist topographic survey. A 200 m borehole
transect was established, centred at 375421 m E 1493082 m N (UTM) and oriented at 89◦N, ap-
proximately orthogonal to the linear bearing of the mound. The planview configuration of boreholes
is presented in Figure 6.11 in reation to the mapped archaeology of D. Evans (2007), and an inset
figure of the measured topographic cross-section. The observable ground surface on either side of
the mound was level, although a very slight depression is observable in the measured topographic
profile immediately adjacent and east of the mound. Accordingly, boreholes were sampled at the
transect termini and topographic highs and lows on and immediately adjacent to the mound where
buried fluvial channels might be expected. Detailed field logs of each borehole can be found in
Appendix A.4, however, a summary log of basic properties are presented in Table 6.4.
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6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
Table 6.4: Summary of borehole logs recorded at Kok Kooul.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1001 auger
0.00 - 0.40 10YR 4/3 (moist) sandy loam dry
0.40 - 0.70 10YR 6/4 (moist) sandy loam dry
0.70 - 1.55 10YR 7/3 (moist) clay moist
1.55 - 2.20 10YR 7/3 (moist) sandy clay moist
2.20 - 3.00 10YR 7/1 (moist) clay wet
AUG-1084 auger
0.00 - 0.25 10YR 4/3 (moist) sandy clay dry
0.25 - 0.50 10YR 6/3 (moist) sandy clay dry
0.50 - 1.25 10YR 5/6 (moist) clay moist
1.25 - 2.00 10YR 7/3 (moist) sandy clay moist
2.00 - 3.00 10YR 7/1 (moist) clay wet
COR-1105 core
0.00 - 0.80 10YR 5/4 (moist) silty clay loam dry
0.80 - 2.10 10YR 7/2 (moist) silty clay loam moist
2.10 - 2.45 10YR 7/2 (moist) sandy clay moist
2.45 - 3.68 10YR 7/1 (moist) clay moist
AUG-1122 auger
0.00 - 0.45 10YR 3/2 (moist) sandy loam dry
0.45 - 0.75 10YR 5/4 (moist) sandy loam dry
0.75 - 1.30 10YR 7/3 (moist) sandy clay moist
1.30 - 1.80 10YR 7/4 (moist) sandy loam wet
1.80 - 1.95 10YR 7/3 (moist) sandy clay
1.95 - 3.00 10YR 7/1 (moist) clay
AUG-1200 auger
0.00 - 0.35 10YR 4/3 (moist) sandy loam dry
0.35 - 1.10 10YR 5/6 (moist) sandy loam dry
1.10 - 2.60 10YR 7/3 (moist) sandy clay moist
2.60 - 3.00 10YR 7/2 (moist) clay wet
AUG-1001
Control sample AUG-1001 was extracted from the western terminus of the transect. The field log
records fine sandy loam to 0.7 m overlying clay to 1.55 m, then fine sandy clay to 2.2 m and clay
to 3 m. Redoximorphic features are particularly prominent in the upper clay unit and are also
strongly expressed in the lower clay unit, but reduced in the sandy clay unit. The lesser expression
of redoximorphic features in the sandy clay unit might be attributed to a more consistently wetter
moisture status. A greater permeability in the sandy clay unit may cause the unit to act as a semi-
confined aquifer, however, the suggestion is in contrast to the moisture status recorded in the field
log, which was moist.
AUG-1084
Borehole sample AUG-1084 was extracted from immediately west of the low linear mound. The field
log records fine sandy clay to 0.5 m overlying clay to 1.25 m, then fine sandy clay to 2 m and clay to
3 m. Redoximorphic features are particularly prominent in the upper clay unit and are also strongly
expressed in the lower clay unit, but lesser in the sandy clay unit.
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AUG-1105
Borehole sample AUG-1105 was extracted from the top of the low linear mound. The field log records
fine silty clay loam to 2.1 m overlying fine sandy clay to 2.45 m, and then clay to 3.68 m. The
presence of a silt component in the upper units is in contrast to surrounding materials. Redoximorphic
features are most prominent in the sandy clay unit immediately beneath the silty clay materials.
AUG-1122
Borehole sample AUG-1122 was extracted from immediately east of the low linear mound, at the lowest
height measured there. The field log records fine sandy loam to 0.75 m overlying fine sandy clay to
1.3 m, then fine sandy loam to 1.8 m, fine sandy clay to 1.95 m and clay to 3 m. Redoximorphic
features occur throughout all materials below the upper loams, and while consistently distinct, are
infrequent.
AUG-1200
Control sample AUG-1200 was extracted from the eastern terminus of the transect. The field log
records fine sandy loam to 1.1 m overlying fine sandy clay to 2.6 m, and then clay to 3 m. Redox-
imorphic features occur throughout the clay materials but are more frequent and prominent with
depth.
Particle-size Analysis
There was no substantial variation was found regarding the particle-size distributions of subsamples
extracted from borehole AUG-1122, sampled from a low point immediately east of the low linear
mound, and subsamples extracted from the floodplain boreholes. Summary statistics were calculated
for each subsample extracted from boreholes sampled at Kok Kooul. Figure 6.12 shows inclusive
graphic skewness plotted against graphic mean for the entire subsample population, with subsamples
extracted from borehole AUG-1122 labelled according to depth. The subsamples of borehole AUG-1122
are evenly distributed with the rest of the subsample population, indicating that there is very little
difference of particle-size distribution between borehole AUG-1122 and the other transect boreholes.
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.4. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.13 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. Each borehole shows a gradual coarsening-upwards trend with
no specific differentiation between borehole AUG-1122 and the adjacent samples.
Trapeang Svay
A 200 m borehole transect was established, centred at 377703 m E 1492073 m N (UTM) and ori-
ented at 3◦N, approximately orthogonal to the linear bearing of the mound. Figure 6.14 presents
the planview configuration of borehole samples in relation to the mapped archaeology of D. Evans
(2007), with an inset figure of the measured topographic cross-section. Apart from the mound, the
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;
Figure 6.12: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Kok Kooul.
Borehole AUG-1122, sampled from a hollow open-depression is labelled according to depth (cm).
ground surface topography was level across the site and is confirmed by the measured topographic
profile, although a small ricefield bund suggested the location of a northern boundary to a channel
flanking the low linear mound to its north. Boreholes were sampled at the transect termini but
concentrated at topographic highs and lows on and around the low linear mound. Detailed field
logs of each borehole can be found in Appendix A.5, however, a summary log of basic properties are
presented in Table 6.5.
Table 6.5: Summary of borehole logs recorded at Trapeang Svay.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-0900 auger
0.00 - 0.30 10YR 5/4 (moist) sand dry
0.30 - 0.85 10YR 7/3 (moist) clay moist
0.85 - 1.32 10YR 7/2 (moist) clay moist
1.32 - 1.75 10YR 7/2 (moist) clay moist
1.75 - 1.80 10YR 5/8 (moist) clay dry
1.80 - 2.00 10YR 5/8 (moist) clay moist
AUG-0975 auger
0.00 - 0.30 10YR 5/4 (moist) sandy clay loam dry
0.30 - 0.85 10YR 7/3 (moist) clay moist
0.85 - 1.70 10YR 6/4 (moist) clay moist
1.70 - 3.00 10YR 7/2 (moist) clay moist
AUG-0995 auger
0.00 - 0.70 10YR 6/4 (moist) sandy loam dry
0.70 - 1.90 10YR 7/2 (moist) clay moist
1.90 - 2.00 10YR 7/2 (moist) clay wet
AUG-1010 auger
0.00 - 0.35 10YR 4/4 (moist) sandy loam dry
0.35 - 0.75 10YR 7/3 (moist) clay moist
0.75 - 0.80 7.5YR 6/4 (moist) sand moist
0.80 - 1.28 10YR 7/2 (moist) clay moist
1.28 - 1.57 10YR 7/2 (moist) clay very wet
1.57 - 2.00 10YR 7/2 (moist) clay wet
Continued on next page . . .
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Table 6.5 . . . continued from previous page
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1020 auger
0.00 - 0.35 10YR 5/4 (moist) sandy loam dry
0.35 - 0.70 10YR 7/3 (moist) clay moist
0.70 - 0.85 10YR 5/6 (moist) sandy clay loam moist
0.85 - 1.45 10YR 7/2 (moist) clay moist
1.45 - 2.00 10YR 7/2 (moist) clay very wet
AUG-1025 auger
0.00 - 0.65 10YR 5/4 (moist) sandy loam dry
0.65 - 1.22 10YR 6/3 (moist) clay moist
1.22 - 1.55 10YR 7/2 (moist) clay moist
1.55 - 2.00 10YR 7/2 (moist) clay wet
AUG-1030 auger
0.00 - 0.35 10YR 5/6 (moist) sandy loam dry
0.35 - 1.25 10YR 7/2 (moist) clay moist
1.25 - 2.00 10YR 7/2 (moist) clay wet
AUG-1100 auger
0.00 - 0.35 10YR 5/4 (moist) sandy loam dry
0.35 - 0.80 10YR 6/3 (moist) sandy clay loam moist
0.80 - 1.45 10YR 7/2 (moist) clay moist
1.45 - 2.00 10YR 7/2 (moist) clay very wet
AUG-0900
Control sample AUG-0900 was extracted from the southern terminus of the transect. The field log
records fine sand to 0.3 m overlying clay to 2 m. Redoximorphic features occur throughout the
profile and are particularly concentrated and prominent between 0.85 and 1.32 m depths.
AUG-0975
Borehole sample AUG-0975 was extracted from a topographic low immediately south of the low linear
mound. The field log records fine sandy clay loam to 0.3 m overlying clay to 3 m. Redoximorphic
features increase in frequency with depth, although they are particularly prominent between 0.8 and
1.7 m depth.
AUG-0995
Borehole sample AUG-0995 was extracted from the top of the low linear mound. The field log records
fine sandy loam to 0.5 m overlying clay to 2 m. Redoximorphic features occurred throughout the
profile but were generally infrequent. Free water was found at between 1.65 and 1.67 m below the
ground surface.
AUG-1010
Borehole sample AUG-1010 was extracted from immediately north of the low linear mound and south
of a ricefield bund suspected as marking the northern bank of a channel. The field log records fine
sandy loam to 0.35 m overlying clay to 0.75 m, then a thin unit of well sorted pinkish-coloured fine
sand to 0.8 m overlying clay to 2 m. Redoximorphic features occurred throughout the profile but
increased in frequency and prominence immediately below the sand unit.
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;
Figure 6.14: Planview of study transect, borehole samples and geological test excavations sampled at site
Trapeang Svay. The topographic profile between A and A’ is inset at the bottom left, with the location
and depth of boreholes indicated.
6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
AUG-1020
Borehole sample AUG-1020 was extracted from north of the low linear mound and immediately south
of a ricefield bund suspected as marking the northern bank of a channel. The field log records fine
sandy loam to 0.35 m overlying clay to 0.7 m, then a thin unit of fine sandy clay loam to 0.85 m
overlying clay to 2 m. Redoximorphic features occurred within the clay materials of the profile but
increased slightly in frequency and prominence immediately below the thin fine sandy clay loam unit.
AUG-1025
Borehole sample AUG-1025 was extracted from the top of a bund suspected of marking the northern
bank of a channel. The field log records fine sandy loam to 0.65 m overlying clay to 2 m. Redox-
imorphic features occurred throughout the clay materials of the profile but increased in frequency
and prominence between 1.22 and 1.55 m depths.
AUG-1030
Borehole sample AUG-1025 was extracted from immediately north of a ricefield bund suspected of
marking the northern bank of a channel. The field log records fine sandy loam to 0.35 m overlying
clay to 2 m. Redoximorphic features occurred throughout the clay materials and increase in frequency
and prominence in the upper clay unit between 0.35 and 1.25 m depths.
AUG-1100
Control sample AUG-1100 was extracted from the northern terminus of the transect. The field log
records fine sandy loam to 0.35 m overlying fine sandy clay loam to 0.8 m, and then clay to 2 m.
Redoximorphic features occurred throughout the clay and clay loam materials, increasing in frequency
with depth.
Particle-size Analysis
Particle-size distributions of subsamples extracted from between a low linear mound and a ricefield
bund potentially marking the northern edge of a channel could generally be differentiated from
adjacent floodplain samples. Figure 6.15 shows inclusive graphic skewness plotted against graphic
mean, with borehole sample AUG-1010 representing the potential channel boreholes and labelled
according to depth. Samples 80 to 40 cluster in the central lower portion of the graph and represent
likely channel sediments. However, sample 160 from the same borehole is similarly associated with
that area of the plot, as are some samples form other boreholes. Subsamples extracted from borehole
AUG-1020 are not clustered in that area, despite the borehole being located within the suspected
channel area and exhibiting a vertically comparable stratigraphic unit to the pink sand observed
in borehole AUG-1010. The floodplain boreholes AUG-0900 and AUG-1100 sampled from the transect
termini both cluster together to the upper left of the biplot. Otherwise there are no other clear
differentiations between the borehole subsamples.
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.5. To summarise the downhole trends across the entire transect, those plots have been appended
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to the transect topology in Figure 6.16 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. Channel sediments are easier to discern in the upper profiles
of boreholes AUG-1010 and AUG-1020 where a trend of abrupt fining, reverses to coarsen towards the
surface. Channel sediments are therefore unusual at Trapeang Svay in that the mean particle-size
is less than the adjacent floodplain material. However, given that the bearing of the archaeological
lineament is approximately parallel to the regional contours, the result is not unexpected.
;
Figure 6.15: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Trapeang Svay.
Borehole AUG-1030, sampled from immediately upslope of a low linear mound is labelled according to depth
(cm).
Phoum Pluong
A very thin strip of vegetation was cleared over the high linear mound to facilitate topographic survey
and access for the augering and coring equipment. A 400 m borehole transect was established,
centred at 377026 m E 1490067 m N (UTM) and oriented at 3◦N, approximately orthogonal to the
linear bearing of the mound. Figure 6.17 presents the planview configuration of borehole samples
in relation to the mapped archaeology of Christophe. Pottier (1999), with an inset figure of the
measured topographic cross-section. The transect extended approximately 100 m past the first
ricefield bund that may have marked the northern edge of a channel. Detailed field logs of each
borehole can be found in Appendix A.6, however, a summary log of basic properties are presented
in Table 6.6.
AUG-0800
Control sample AUG-0800 was extracted from the southern terminus of the transect. The field log
records medium loamy sand to 1.2 m overlying sandy clay loam, including medium-sized sand to
2.45 m, and then clay to 3 m. Redoximorphic features occurred within the clayey materials with a
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6.3. RESULTS
slightly higher frequency in the sandy clay loam unit.
AUG-0900
Boreholes sample AUG-0900 was extracted from a narrow open depression at the base of the high
linear mound, to its immediate south. The field log records clay to 0.2 m overlying medium sand to
0.62 m, then loamy sand to 0.96 m and clay to 2 m. Redoximorphic features were present in the
medium sand unit and slightly less expressed in the lower clay.
Table 6.6: Summary of borehole logs recorded at Phoum Pluong.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-0800 auger
0.00 - 0.10 10YR 4/2 (moist) loamy sand dry
0.10 - 1.20 10YR 6/4 (moist) loamy sand dry
1.20 - 2.45 10YR 7/3 (moist) sandy clay loam moist
2.45 - 3.00 10YR 7/1 (moist) clay very wet
AUG-0900 auger
0.00 - 0.20 10YR 4/3 (moist) clay moist
0.20 - 0.62 7.5YR 5/4 (moist) sand moist
0.62 - 0.96 10YR 5/2 (moist) loamy sand very wet
0.96 - 2.00 10YR 7/1 (moist) clay very wet
COR-0950 core
0.00 - 2.15 10YR 6/6 (moist) clay loam dry
2.15 - 4.30 7.5YR 6/4 (moist) sandy loam dry
4.30 - 4.45 7.5YR 6/4 (moist) sand dry
4.45 - 6.10 7.5YR 7/3 (moist) sandy clay loam moist
6.10 - 6.44 10YR 7/2 (moist) clay moist
AUG-1010 auger
0.00 - 0.36 10YR 5/2 (moist) clay dry
0.36 - 0.81 10YR 6/2 (moist) sandy clay moist
0.81 - 2.00 10YR 7/2 (moist) clay very wet
AUG-1060 auger
0.00 - 0.33 10YR 5/3 (moist) sandy clay loam dry
0.33 - 0.62 10YR 7/2 (moist) clay moist
0.62 - 2.00 10YR 7/2 (moist) clay very wet
AUG-1100 auger
0.00 - 0.20 10YR 6/4 (moist) sandy clay loam dry
0.20 - 0.85 10YR 7/1 (moist) clay moist
0.85 - 1.48 10YR 7/2 (moist) clay moist
1.48 - 1.90 10YR 7/2 (moist) clay moist
1.90 - 2.00 10YR 7/2 (moist) clay wet
COR-0950
Borehole sample COR-0950 was extracted from the top of the high linear mound. The field log records
clay loam to 2.15 m overlying fine sandy loam to 4.3 m, then a thin unit of fine sand to 4.45 m,
fine sandy clay to 6.1 m and then clay to 6.44 m. The basal clay was similar in character to other
basal clays observed at Phoum Pluong and other sites, being light in colour and of firm consistence.
Redoximorphic features were observed in all units except for the thin sand unit and were most
frequent but faint in the upper clay loam units, although masses were coarse and distinct in the
basal clay.
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;
Figure 6.17: Planview of study transect, borehole samples and geological test excavations sampled at
Phoum Pluong. The topographic profile between A and A’ is inset at the bottom left, with the location
and depth of boreholes indicated.
6.3. RESULTS
AUG-1000
Borehole AUG-1000 was extracted from a break of slope at the northern base of the high linear mound.
The field log records fine sandy loam to 0.42 m overlying clay to 0.98 m, and then a very thin unit of
medium sand and clay to 2 m. Redoximorphic features occurred in clay materials and only slightly
increased in the lower clay unit, immediately underlying the sand.
AUG-1010
Borehole AUG-1010 was extracted from the lowest point within a shallow and wide open depression
north of the linear mound. The field log records clay to 0.36 m overlying sandy clay to 0.81 m
including medium-sized sand clasts, and then clay to 2 m. Redoximorphic features increased in
frequency with depth but were largely absent in the surface clay unit. The sand content of the
surface unit was also very low, possibly as a result of particle sorting during ricefield preparation.
AUG-1060
Borehole AUG-1060 was extracted from north of a ricefield bund suspected as marking the northern
boundary of the wide open depression north of the linear mound. The field log records fine sandy clay
loam to 0.33 m overlying clay to 2 m. Redoximorphic features occurred throughout the underlying
clay with generally consistent frequency, but with more prominence with depth.
AUG-1100
Control sample AUG-1100 was extracted from north of a wide open depression north of a high linear
mound. The field log records fine sandy clay loam to 0.2 m overlying clay to 2 m. Redoximorphic
features occurred throughout the underlying clay materials, increasing in frequency and prominence
with depth.
Particle-size Analysis
Particle-size distributions of subsamples extracted from borehole AUG-1010, sampled from the lowest
point within the open-depression immediately north of a high linear mound, were found to be
comparable to the population of subsamples extracted from boreholes sampled at Phoum Pluong.
Figure 6.18 shows inclusive graphic skewness plotted against graphic mean for the entire borehole
subsample population from Phoum Pluong. Subsamples extracted exclusively from borehole AUG-1010
are labelled according to depth and can be seen to cluster closely with the majority of other borehole
subsamples. Curiously, borehole AUG-1060 appears to be substantially differentiated from the rest of
the subsample population, but showed no variable characteristics in the field.
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.6. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.19 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. Down-borehole variation of mean particle-size does not appear
to correlate across the study transect, excepting abrupt fining events at the immediate surface
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;
Figure 6.18: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Phoum Pluong.
Borehole AUG-1010, sampled from a shallow open-depression is labelled according to depth (cm).
of boreholes AUG-0900 and AUG-1010, each located in a modern incisive channel and a suspected
Angkorian channel respectively.
6.3.3 The Southern Distributor Zone
Phoum Veal
A 300 m borehole transect was established and centred at 376057 m E 1480360 m N (UTM), ori-
ented approximately orthogonal to the linear bearing of the mapped lineament at 102◦N. The plan-
view configuration of borehole samples in relation to the mapped archaeology of Christophe. Pottier
(1999) is presented in Figure 6.20 with an inset figure of the measured topographic cross-section. A
trapeang is mapped at the western portion of the transect, but the topographic evidence collected
here shows no indication of a depression in that area, although the ground surface is approximately
0.5 m lower than east of the open-depression. Topological survey otherwise clearly defined the shape
of the open-depression. Due to the evident anthropogenic modification of the ground surface within
the open-depression, a sample was selected central to its width. Boreholes were otherwise targeted at
topographic highs and lows and also at the transect termini. Detailed field logs of each borehole can
be found in Appendix A.7, however, a summary log of basic properties are presented in Table 6.7.
AUG-1000
Control sample AUG-1000 was extracted from the western terminus of the transect on the edge of an
unsealed urban road. The field log records clay to 0.3 m overlying fine sandy loam to 1.8 m, then
sandy clay to 2.2 m and clay to 3 m. Redoximorphic features were present in each of the clay units,
and in the lower clay units, increased in frequency and prominence with depth.
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Table 6.7: Summary of borehole logs recorded at Phoum Veal.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1000 auger
0.00 - 0.30 10R 4/6 (moist) clay moist
0.30 - 0.55 10YR 5/3 (moist) sandy loam moist
0.55 - 1.90 10YR 5/4 (moist) sandy loam dry
1.90 - 2.20 10YR 7/3 (moist) sandy clay moist
2.20 - 3.00 10YR 7/2 (moist) clay moist
AUG-1092 auger
0.00 - 0.30 10YR 4/4 (moist) loamy sand moist
0.30 - 0.80 7.5YR 6/6 (moist) sand dry
0.80 - 1.35 10YR 7/3 (moist) sandy loam moist
1.35 - 1.75 10YR 7/2 (moist) clay moist
1.75 - 1.90 10YR 7/1 (moist) clay moist
1.90 - 3.00 10YR 7/1 (moist) clay wet
COR-1149 core
0.00 - 0.30 10YR 6/4 (moist) loamy sand moist
0.30 - 1.35 10YR 6/4 (moist) sand moist
1.35 - 1.55 10YR 7/2 (moist) clay moist
AUG-1176 auger
0.00 - 0.65 10YR 7/3 (moist) sandy clay moist
0.65 - 1.35 10YR 7/3 (moist) clay wet
1.35 - 1.60 10YR 7/1 (moist) clay wet
1.60 - 2.00 10YR 7/1 (moist) clay wet
AUG-1300 auger
0.00 - 0.25 10YR 4/4 (moist) sand moist
0.25 - 1.25 10YR 6/6 (moist) sand dry
1.25 - 2.55 10YR 6/4 (moist) sandy loam dry
2.55 - 3.80 10YR 7/1 (moist) clay moist
3.80 - 4.00 10YR 7/1 (moist) clay wet
AUG-1092
Borehole sample AUG-1092 was extracted from the lower terrace beyond the western embankment
of the wide open depression. The field log records loamy sand to 0.3 m overlying fine sand with
a minor content of fine gravel to 0.8 m, and then sandy loam to 1.35 m followed by clay to 3 m.
Redoximorphic features were present in each of the units underlying the fine sand, with the highest
frequency between 1.75 and 1.9 m depths in no clear relationship with textural variability.
COR-1149
Borehole sample COR-1149 was extracted approximately from the center of the wide open-depression.
The field log records coarse loamy sand to 0.3 m overlying very coarse sand to 1.35 m, then clay
to 1.55 m. The basal clay included redomixorphic features, was light in colour and of notably stiff
consistence and very similar to other basal clays found at this and other sites in the current study.
AUG-1176
Borehole sample AUG-1176 was extracted from the northern half of the wide open depression. The
field log records fine sandy clay to 0.65 m overlying clay to 2 m. Redoximorphic features occurred
throughout the profile and were slightly more frequent between 1.35 and 1.6 m depths, in no par-
ticular relation to textural variability.
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6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
AUG-1300
Control sample AUG-1176 was extracted from the eastern terminus of the transect. The field log
records fine sand to 1.25 m overlying sandy loam to 2.55 m, and then clay to 4 m. Redoximorphic
features were observed in all units below the upper fine sands and increased slightly in frequency in
the deeper clay units.
Particle-size Analysis
High resolution particle-size analysis was conducted on subsamples extracted at 20 cm depth-
increments for each borehole sampled at Phoum Veal. Figure 6.21 shows the calculated summary
statistics (phi-scale), of inclusive graphic skewness plotted against graphic mean for the entire sub-
sample population. Subsamples extracted exclusively from borehole COR-1149, which was sampled
from the approximate center of the broad open-depression, are labelled in the plot according to
depth. Those subsamples are clustered in the lower left of the plot except for the basal subsamples
140 and 150. The channel sediments are therefore clearly differentiated from the autocthonous
materials and the base of the channel is confirmed to have been sampled.
;
Figure 6.21: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Phoum Veal.
Borehole COR-1149, sampled from a wide open-depression is labelled according to depth (cm).
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.7. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.22 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. The lower units of boreholes AUG-1000 and AUG-1300 appear
to correlate, suggesting that a continuous horizontal sequence may have existed between the two
boreholes prior to the formation of the open-depression. Borehole COR-1149, sampled from the
center of the open-depression, shows fine basal materials abruptly changing to a uniform trend of
coarse material, but fining at the surface. Borehole AUG-1176 was uniformly fine. The maximum
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mean particle-size measured from borehole AUG-1176 was 0.53φ and represents the coarsest mean
distribution for all channel boreholes analysed in the current study.
Phoum Thnol
A 200 m borehole transect was established and centred at 371402 m E 1479930 m N (UTM), ori-
ented approximately orthogonal to the linear bearing of the mapped lineament at 31◦N. The planview
configuration of borehole samples in relation to the mapped archaeology of Christophe. Pottier (1999)
is presented in Figure 6.23 with an inset figure of the measured topographic cross-section. A mound
does not occur on the existing maps of Christophe. Pottier (1999) at the immediate site, however
the linear mound observed on the ground corresponded approximately to the center of the channel
mapped by Christophe. Pottier (1999). Topological survey showed no evidence of an open-depression
north of the mound, although there was some indication of one immediately to the south. Boreholes
were targeted at topographic highs and lows and also at the transect termini. Detailed field logs
of each borehole can be found in Appendix A.8, however, a summary log of basic properties are
presented in Table 6.8.
Table 6.8: Summary of borehole logs recorded at Peak Sneng Thmei.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1000 auger
0.00 - 1.10 10YR 5/8 (moist) sandy loam dry
1.10 - 2.20 10YR 6/1 (moist) clay moist
2.20 - 3.00 10YR 6/1 (moist) clay moist
AUG-1084 auger
0.00 - 1.15 10YR 5/6 (moist) loamy sand dry
1.15 - 1.50 10YR 7/2 (moist) clay dry
1.50 - 3.30 10YR 7/1 (moist) clay moist
3.30 - 4.00 10YR 7/1 (moist) clay moist
AUG-1100 auger
0.00 - 0.30 7.5YR 4/4 (moist) sand dry
0.30 - 1.95 10YR 5/4 (moist) silty clay loam moist
1.95 - 2.50 10YR 7/2 (moist) clay moist
2.50 - 3.00 10YR 7/1 (moist) clay moist
AUG-1113 auger
0.00 - 0.80 10YR 5/4 (moist) sandy clay loam dry
0.80 - 1.10 7.5YR 4/6 (moist) sand dry
1.10 - 1.32 7.5YR 4/6 (moist) loamy sand moist
1.32 - 1.50 10YR 7/3 (moist) silty clay loam moist
1.50 - 2.50 10YR 7/2 (moist) clay moist
2.50 - 3.18 10YR 6/2 (moist) sandy clay moist
3.18 - 4.00 10YR 7/1 (moist) clay moist
AUG-1200 auger
0.00 - 1.10 7.5YR 6/6 (moist) sand dry
1.10 - 2.85 10YR 7/2 (moist) clay moist
2.85 - 3.40 10YR 7/1 (moist) sandy clay moist
3.40 - 4.00 10YR 7/1 (moist) clay moist
AUG-1000
Control borehole AUG-1000 was extracted from the southern terminus of the borehole transect. The
field log simply records medium sandy loam to 1.1 m overlying clay to 3 m. Redoximorphic features
were prominent throughout the clay materials and were most frequent in the lower clay unit, below
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6.3. RESULTS
;
Figure 6.23: Planview of study transect, borehole samples and geological test excavations sampled at site
Phoum Thnol. The topographic profile between A and A’ is inset at the bottom left, with the location
and depth of boreholes indicated.
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2.2 m.
AUG-1084
Borehole AUG-1084 was extracted from immediately south of the discontinuous linear mound. The
field log records fine loamy sand to 1.15 m overlying clay to 4 m. Redoximorphic features were most
frequent and prominent between 1.5 and 3.3 m depths.
AUG-1100
Borehole AUG-1100 was extracted from the top of the discontinuous linear mound. The field log
records medium sand to 0.3 m overlying medium silty clay loam to 1.95 m, and then clay to 3 m.
Redoximorphic features were present throughout all but the surface unit and were most prominent in
the clay materials, increasing in frequency with depth. The lowest clay unit exhibited gleyic colours.
AUG-1113
Borehole AUG-1113 was extracted from immediately north of the discontinuous linear mound. The
field log records sandy clay loam to 0.8 m overlying medium pinkish-coloured sand to 1.1 m, and
then medium loamy sand to 1.32 m, silty clay loam to 1.5 m, clay to 2.5 m, sandy clay to 3.18
and clay to 4 m. Redoximorphic features were present throughout the clay materials and were most
prominent and frequent in the upper clay unit, immediately below the lighter surface textures.
AUG-1200
Control borehole AUG-1200 was extracted from the northern terminus of the borehole transect. The
field log records fine sand to 1.1 m overlying clay to 2.85 m, coarse sandy clay to 3.4 m and clay to
4 m. Redoximorphic features were present throughout the clay materials and were most prominent
in the upper clay unit, immediately below the surface sand unit, but more frequent between 2.85
and 3.4 m depths.
Particle-size Analysis
High resolution particle-size analysis was conducted on subsamples extracted at 20 cm depth-
increments for each borehole sampled at Phoum Thnol. Figure 6.24 shows the calculated sum-
mary statistics (phi-scale), of inclusive graphic skewness plotted against graphic mean for the entire
subsample population. Subsamples extracted exclusively from borehole AUG-1113 sampled from im-
mediately north of the low-linear mound are labelled in the plot according to depth. The majority
of subsamples cluster towards the upper left of the graph, but there is a distinct linear spread to
the lower right. Only borehole AUG-1200 sampled at the northern terminus of the study transect
does not form part of that linear spread. Some subsamples extracted from borehole AUG-1113 were
differentiated from the main population and also from the linear spread to the lower right, there
was no clear interpretable pattern apart from the association of subsamples 80 and 100, which were
extracted from a basal unit of sand.
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
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;
Figure 6.24: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Phoum Thnol.
Borehole AUG-1113, sampled from immediately upslope of a low linear mound is labelled according to depth
(cm).
A.8. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.25 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. The trend across the transect is similar with each borehole
showing a relatively uniform lower profile and an abrupt coarsening in the upper profile. Borehole
AUG-1113, sampled from immediately north of the low linear mound, exhibits a more pronounced
coarsening in the upper profile followed by fining towards the surface. The maximum mean particle-
size measured from borehole AUG-1113 is 1.06φ and represents the third coarsest mean distribution
of all channel boreholes analysed in the current study.
Kok Russey
A 200 m borehole transect was established and centred at 371402 m E 1479930 m N (UTM), ori-
ented approximately orthogonal to the linear bearing of the mound at 31◦N. The planview config-
uration of borehole samples in relation to the mapped archaeology of Christophe. Pottier (1999) is
presented in Figure 6.26 with an inset figure of the measured topographic cross-section. Topological
measurement along the transect suggested a depression immediately to the west of the eastern low
mound. Boreholes were targeted at topographic highs and lows and also at the transect termini.
Boreholes were sampled at intervals of at least 20 m but most failed to penetrate an upper unit of
saturated and incoherent sand. The sequences observed in those boreholes were generally similar
and so only those that succeeded in penetrating th upper sand unit have been presented here or in
detailed field logs presented in Appendix A.9. A summary log of basic properties of the successful
boreholes are presented in Table 6.9.
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6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
Table 6.9: Summary of borehole logs described at Kok Russey.
ID Method Depth (m) Colour (Munsell) Texture Moisture
AUG-1000 auger
0.00 - 0.15 10YR 5/3 (moist) loamy sand moist
0.15 - 0.70 10YR 6/8 (moist) sand moist
0.70 - 1.00 10YR 5/2 (moist) sandy clay loam wet
1.00 - 2.60 7.5YR 6/3 (moist) sandy clay wet
2.60 - 2.90 10YR 6/2 (moist) clay wet
2.90 - 4.00 10YR 7/1 (moist) clay
AUG-1185 auger
0.00 - 0.75 10YR 6/2 (moist) clay moist
0.75 - 1.95 10YR 5/6 (moist) loamy sand very wet
1.95 - 2.20 10YR 7/1 (moist) clay wet
2.20 - 3.00 10YR 7/1 (moist) clay wet
AUG-1211 auger
0.00 - 1.10 10YR 4/4 (moist) sandy loam moist
1.10 - 1.80 10YR 6/3 (moist) clay moist
1.80 - 2.25 7.5YR 6/4 (moist) loamy sand moist
2.25 - 2.70 10YR 5/8 (moist) sand very wet
2.70 - 3.55 10YR 7/1 (moist) sandy clay very wet
3.55 - 4.00 10YR 7/1 (moist) clay wet
AUG-1260 auger
0.00 - 0.65 10YR 7/2 (moist) clay moist
0.65 - 1.00 7.5YR 5/6 (moist) loamy sand moist
1.00 - 1.17 7.5YR 4/4 (moist) sandy loam moist
1.17 - 1.52 7.5YR 6/4 (moist) loamy sand moist
1.52 - 3.00 10YR 7/1 (moist) clay wet
AUG-1300 auger
0.00 - 0.20 10YR 6/4 (moist) loamy sand moist
0.20 - 0.35 10YR 6/2 (moist) sandy clay moist
0.35 - 0.55 10YR 6/2 (moist) clay moist
0.55 - 1.00 7.5YR 6/4 (moist) sandy clay loam wet
1.00 - 1.30 7.5YR 6/4 (moist) clay loam wet
1.30 - 2.25 10YR 7/2 (moist) sandy clay wet
2.25 - 3.00 10YR 7/2 (moist) clay very wet
AUG-1000
Control sample AUG-1000 was extracted from the western terminus of the transect. The field log
records medium loamy sand to 0.15 m overlying medium sand to 0.7 m, then medium sandy clay
loam to 1 m and clay to 2.9 m. Redoximorphic features were absent from the upper sand units
and were most frequent in the sandy clay loam unit beneath the upper sands, but more prominent
between 2.6 and 2.9 m, below the sandy clay unit.
AUG-1060
Borehole sample AUG-1060 was extracted from the level flat, west of a low isolated mound. The field
log records sandy clay loam to 0.25 m overlying a medium sand to 0.65 m, then coarse sand to
1.5 m and clay to 2 m. Redoximorphic features were present in the surface unit and basal clay.
AUG-1110
Borehole sample AUG-1110 was extracted from the level flat, west of a low isolated mound. The field
log records very fine loamy sand to 0.35 m overlying very fine sandy clay to 0.7 m, then fine loamy
157
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sand to 1.2 m, medium sand to 2.35 m and clay to 2.63 m. Redoximorphic features were present
throughout the profile but were most frequent and prominent in the clayey materials. The basal clay
exhibited gleyic primary colours.
AUG-1185
Borehole AUG-1185 was extracted from the level flat, west of, but near to, a low isolated mound. The
field log records clay to 0.75 m overlying medium loamy sand to 1.95 m, and clay to 3 m. Redox-
imorphic features were present in all clay materials but very frequent and prominent immediately
below the sand unit.
AUG-1211
Borehole AUG-1200 was extracted from the highest point of an isolated mound, at its western edge.
The field log records fine sandy loam to 1.1 m overlying clay to 1.8 m, medium loamy sand to 1.8 m
and medium sand to 2.25 followed by medium sandy clay to 2.7 m, and clay to 4 m. Redoximorphic
features were present in all clay materials but were most frequent in the upper unit between 1.1
and 1.8 m depths. Exploratory probes were also made at x-coordinates 1220 and 1240 to assess the
continuation of the medium sand unit beneath the mound. The medium sand was observed within
each borehole, the basal interfaces occurring at 2.1 and 1.85 m below ground surface respectively.
AUG-1260
Borehole AUG-1260 was extracted from a level flat east of an isolated mound. The field log records
clay to 0.65 m overlying fine loamy sand to 1 m, then fine sandy loam to 1.17 m and fine loamy
sand to 3 m. Redoximorphic features were present in all clayey materials and also the upper sand
unit.
AUG-1300
Control borehole AUG-1300 was extracted from the eastern terminus of the borehole transect. The
field log records fine loamy sand to 0.2 m overlying fine sandy clay to 0.35 m, then clay to 0.55 m and
fine sandy clay loam to 1 m, followed by fine sandy clay to 2.25 m and clay to 3 m. Redoximorphic
features were present throughout the profile but were most frequent in the fine clay loam unit.
Particle-size Analysis
High resolution particle-size analysis was conducted on subsamples extracted at 20 cm depth-
increments for each borehole sampled at Kok Russey. Figure 6.27 shows the calculated summary
statistics (phi-scale), of inclusive graphic skewness plotted against graphic mean for the entire sub-
sample population. Subsamples extracted exclusively from borehole AUG-1185, which was sampled
from the lowest point immediately west of the eastern low mound, are labelled in the plot ac-
cording to depth. The subsamples from borehole AUG-1185 cluster similarly to the main population
of subsamples from Kok Russey, suggesting there is no particular differentiation between adjacent
boreholes.
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;
Figure 6.27: Biplot of inclusive graphic skewness plotted against graphic mean (phi-units), Kok Russey.
Borehole AUG-1185, sampled from the lowest point west of a low isolated mound is labelled according to
depth (cm).
Graphic mean was also plotted against depth for each borehole and can be viewed in Appendix
A.9. To summarise the downhole trends across the entire transect, those plots have been appended
to the transect topology in Figure 6.28 so that each plot corresponds to the location of its associated
borehole. Because the graphic mean is plotted in phi-scale, the left side represents coarser particle
sizes, and the right side finer sizes. To the west of the eastern mound the basal portion of the
sand unit was distinctly finer than the overlying uniform but coarser material. The thickness of
sand in other boreholes was not generally sufficient to determine a trend confidently. The maximum
mean particle-size measured from borehole AUG-1185 is 1.79φ and represents the fourth-coarsest mean
distribution for all channel boreholes analysed in the current study.
6.4 Discussion
6.4.1 The Trans-Puok Collector Zone
Boreholes sampled to the north of the linear mound at Peak Sneng Thmei were each observed to
exhibit a substantial increase in the frequency and prominence of redoximorphic features, usually at
an interface between sandy clay loam and clay units. The apparent increase of nodules might be
interpreted as a relative increase in periodic wetting and drying north of the lineament, supporting
a model that the open-depression routed water which periodically spilled over the northern bank.
Stratigraphically, borehole samples collected at the termini of the study transect each exhibited a
similar vertical sequence of a coarser unit overlying fine sandy clay and clay, initially suggesting that
sequence as being the pre-Angkorian floodplain profile. The same sequence was generally repeated
along the borehole profile with only the upper units exhibiting some textural variability. In particular,
a clay surface unit was observed in the borehole sampled from the open depression, in contrast to the
sandier surface units observed elsewhere at the site. The surface clay unit within the open-depression
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6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
is interpreted here as a depositional unit formed by low-velocity channel flow, or by ponding.
The upper profile of the low linear mound at Peak Sneng Thmei was found to be sandier than
the upper profile of adjacent borehole samples. The intuitive source of the mound materials is from
initial excavation of the adjacent open-depression. Alternatively the Angkorian engineers would have
needed to remove spoil from the cut of the channel, and then import new spoil to construct the
mound, which is a priori overly complex. However, the cause of the increased coarseness of the
mound materials is somewhat unclear. On one hand, a slight rise on the northern edge of the
open-depression exhibits comparably coarse material in the upper profile and may have formed as a
natural or anthropogenic levee. That would suggest the source of the course materials to be related
to the bedload of the open-depression, but the surface materials observed in the open-depression are
composed of fine materials. Otherwise, pedogenic translocation of particles may have contributed
to the coarser texture, given that numerous voids and channels were observed both in section and
microscopically. It could also be speculated that a procedure of particle sorting may have been
undertaken by the Angkorian engineers, prior to emplacement of the mound.
The interpretation of borehole stratigraphy at site Peak Sneng Thmei is substantially improved
by the results of particle-size analysis. The method of differentiating materials by clustering of
statistical ratios was shown to be successful as subsamples from the low linear mound were found to
associate together, with no other subsamples occurring within that cluster. Boreholes sampled away
from the mound and the open-depression were distributed in two distinct clusters relating to the
upper and lower regolith profile of the floodplain boreholes. Interestingly, neither the mound nor the
channel boreholes were represented in the cluster associated with that upper profile. Potentially, that
material had been scoured or removed anthropogenically from the channel, explaining its absence in
the representative borehole. In contrast though, the material would be expected to have occurred
in the mid-profile of the mound borehole, which is did not. The implication is that the upper
regolith profile adjacent to the mound and open-depression was deposited there after construction
of those archaeological features. The Angkorian ground surface should therefore be represented by
the boundary between those two clusters.
Each borehole observed at Peak Sneng Cha included a basal clay substrate with more variable
surficial textures. The ephemeral channel at the western flank of the high linear mound included only
a thin sandy unit overlying clay, confirming the occurrence of channel erosion by comparison with
a much thicker sandy surficial unit observed at the western transect terminus. Regolith materials
sampled from the wide open depression and flanking the high linear mound to its immediate east,
exhibited fluvial characteristics. These included better sorting of adjacent materials but particularly
due to the much coarser texture. The profile of the high linear mound exhibited distinct stratigraphy
primarily by the presence of a thin coarser-textured unit within the fine materials. Even more
complex stratigraphy was suggested by variation in the character and frequency of redoximorphic
features. At the eastern transect terminus, a sandy unit was observed at depth within the adjacent
eastern floodplain. The material was interpreted to be fluvial due to its coarseness. The presence of
interstitial clay is interpreted to have accumulated over time by lateral throughflow. That observation
is informative in regards to the adopted methodological approach of using adjacent control profiles
for interpretation of a suspected prior channel. While the occurrence of a fluvial unit within the
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floodplain sediments of the Angkor Plain is not unexpected, it may clearly affect interpretations
made in the current study.
Particle-size analysis results were also informative to the stratigraphic interpretation at Peak
Sneng Cha. The channel profile exhibited a gradual but definite fining-upwards trend, suggesting
that flow velocity gradually decreased until the final cessation of flow. The clay observed at the base
of the channel was interpreted in the field as representing the base of the prior channel due to its
strong consistence. The measured particle-size distribution of that clay is substantially different to
adjacent floodplain clay materials and it must be conceded that there is the possibility that deeper
sediments exist there. Until confirmation can be made otherwise, the interpretation here of a gradual
upwards-fining sedimentation of the Great North Channel is accepted throughout this work given it is
the only existing evidence from which to work from. The mound profile exhibited increased variability
of the upper profile and might be interpreted as additions to the height of the mound sometime
after initial construction, possibly by dredging of the channel. Otherwise the mound materials were
found to be comparable to the adjacent floodplain materials, suggesting that they were sourced from
initial excavation of the channel.
6.4.2 The Cis-Puok Collector Zone
Each borehole observed at Phnom Dei included a basal clay unit. The floodplain profiles each
exhibited a thin lighter surface texture overlying clay materials, with the borehole sampled from
the eastern terminus having an upper sandy clay unit. The profile observed within the western
open-depression exhibited stratification, with a thin coarser textured unit over and underlaid by clay
materials, representing either fine Angkorian channel sediments or pre-Angkorian alluvial stratigraphy.
The high linear mound showed no observable textural differentiation although some vertical variation
of redoximorphic features may have related to differences in particle-size distribution and stratigraphic
units. The eastern open-depression exhibited strong evidence of fluvial sediments, with a coarsening-
upwards sand composing the lower portion of the profile. Overlying finer and fining-upwards materials
suggests that during its operation the hydraulic discharge along the southern reach of the Great North
Channel became reduced, abruptly and substantially.
Particle-size analysis results clearly differentiated the borehole subsamples extracted from the
eastern open-depression at Phnom Dei from the floodplain borehole subsamples, excepting the
basal subsamples. The result suggests that the base of the Angkorian channel was successfully
sampled and that no deeper Angkorian channel sediments would be expected. The sands of the
lower profile were found to coarsen-upwards, indicating progressively increasing flow velocity until
abruptly fining. The remaining profile were composed of clays, continuing to fine to the surface. It
is interpreted here that the initial coarsening-upwards sequence relates to the initial release of water
into the channel, which would have rapidly increased as the water-level rose. The overlying fining
sequence relates to an abrupt and substantial reduction, or even cessation of discharge. A single
coarsening event higher in the sequence indicates that at least one subsequent flood-pulse occurred.
The western open-depression alternatively shows no differentiation from the floodplain materials
and it is interpreted here that the surface of the depression existing today closely approximates
its greatest depth in the past. The high linear mound similarly showed no differentiation from
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the floodplain materials suggesting that they likely originated from the original cuts of the channels.
There is no clear differentiation within the population of subsamples extracted from the linear mound
that might suggest stratification within it. That finding is significant in that is suggests that the
excessive height of the mound cannot be simply explained by additions to its surface by dredging,
for example. Furthermore, the apparent absence of dredging evidence might also suggest that there
was no management of that sort required for the southern reach of the Great North Channel.
Boreholes sampled west of the linear mound at Kok Kooul and from the eastern terminus of the
study transect exhibited equivalent lower sequences but with variable upper units. The entire vertical
sequences represented in those profiles are interpreted here as the pre-Angkorian stratigraphic forma-
tion. The silty field texture observed in the materials composing the linear mound were hypothesised
to have been sourced from the adjacent open-depression in the form of dredging activities, and to
have contributed additions to the mound surface. However, no comparable materials were observed
within the open-depression to support the interpretation, the alternative being that the materials
were imported for construction of the mound.
The depth of the recorded mound materials at Kok Kooul also suggested that its original base,
and the base of the Angkorian ground surface, was up to 0.7 m below the contemporary ground
surface. It would follow that the lighter textures observed in the upper profiles of the floodplain
boreholes would have been sourced from post-Angkorian deposition. However, the differentiation
of field texture between the mound and basal clay was was minimal and there may be error in the
recorded boundary. Certainly there was no clear break in the down-hole summary statistics of the
borehole subsamples extracted from the mound, suggesting that there is in fact no definitive physical
boundary that can be used to confidently distinguish the base of the mound. The lighter textures
observed in the upper profiles of the floodplain boreholes are therefore interpreted here to have been
part of the pre-Angkorian ground surface.
The open-depression at Kok Kooul exhibited a more complex stratified profile relative to the
surrounding floodplain materials, supporting that an Angkorian channel may have existed there. If
the base of a coarser unit identified at depth in the profile is interpreted as the base of a prior
Angkorian channel, then it would have occurred up to 1.8 m below the contemporary ground surface
(or 1.1 m if a post-Angkorian aggradation of the adjacent landscape is accepted), comparable to
depths observed along the Great North Channel at Peak Sneng Cha and Phnom Dei. However, the
absence of fluvial sands in a channel of comparable competence of the Great North Channel is argued
here as somewhat unlikely, and indeed particle-size analysis shows no differentiation of subsamples
across the entire population analysed at Kok Kooul.
Boreholes sampled across the study transect at Trapeang Svay showed the floodplain materials
to be composed predominantly of clay with a thin surface mantle of lighter textured materials. An
area immediately north of the low linear mound and south of a ricefield bund was suspected to be
the likely location of a channel and was found to exhibit a thin unit of fluvial sand in the south, with
a vertically comparable unit of fine sandy clay loam close to the north. Equivalent units could not
be traced north or south of the northern ricefield bund or low linear mound respectively. The low
linear mound was clearly characterised by a deposit of fine sandy loam.
Results of particle-size analysis at Trapeang Svay differentiate the inferred channel sediments
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to a point, but somewhat unconvincingly. The best evidence comes from down-hole trends of
mean particle-size in the boreholes located between the low linear mound and the northern rice-
field boundary, where the upper profile shows an abrupt fining followed by a gradual change to a
coarsening-upwards trend until cessation of flow. The mean particle-size of the channel sediments
is therefore finer than the adjacent floodplain materials; equifinality of the physical characteristics
of the materials potentially explaining the difficulty of distinguishing different units in biplots of the
statistical parameters.
Boreholes sampled along the study transect at Phoum Pluong showed that the adjacent flood-
plain materials differ markedly on either side of the high linear mound. A thick upper unit of loamy
sandy 1.2 m deep was observed in the south that was not evident in the northern terminus sequence,
where the ground surface was also approximately 0.2 m lower (note also that regional topographic
dip is towards the south). It can be inferred that either a depositional event has contributed materials
to the ground surface to the south or that the landscape to the north has been eroded. Because the
level-flat terrain to the north does not suggest of erosional processes and so the former interpretation
is favoured here.
The linear mound at Phoum Pluong was found to be composed of a sequence of strata demon-
strated by a strong variability of texture and thickness between units. A thin sand unit was observed
between 4.3 and 4.45 m and likely represents the original topsoil surface that the embankment was
emplaced upon, as it approximates the contemporary surfaces to the north and south of the mound.
Subsequently, at least two dumping events evidently emplaced the overlying materials. It was notable
that the material composing the surface of the mound was a strong cap of clay loam, and potentially
the peaked morphology of the mound might be explained by its particular pattern of erosion.
Because of the very thin and apparently mixed character of the material a thin unit of medium
sand observed at the northern base of the mound at Phoum Pluong was interpreted in the field to
be a collapsed void, which has been observed elsewhere during the current work. The alternative
possibility was that the material was a thin wedge of preserved channel sediments associated with
the archaeological lineament, but unfortunately was not further explored. The unit occurred at
approximately 2 m below the contemporary ground surface which would be deep compared to other
Angkorian channels observed in this work; being a thin edge of a sediment wedge would also suggest
that channel would have been even deeper. The material is interpreted here not to be a preserved
Angkorian channel stratum but it is also emphasised that the issue should be explored further.
Boreholes sampled from the open-depression at Phoum Pluong exhibited a surface unit composed
of clay lacking redoximorphic features and an underlying unit of sandy clay including medium sand-
sized clasts. The medium sand could be interpreted as deriving from a mixed fluvial bedload. A
notable concentration of redoximorphic features also occurred in the immediately underlying clay
unit, suggesting frequent wetting and drying consistent with an ephemeral channel. In contrast,
boreholes sampled north of the depression each had coarser surficial units in contrast to the clays
within the open-depression, that are likely to be deeper materials exposed by the cut of the depression.
Particle-size analysis did not enable clear differentiation between subsamples extracted from
boreholes at Phoum Pluong, although the upper profile of borehole AUG-1060 was inexplicably well
differentiated. Potentially the upper profile of the borehole sampled from the southern terminus of
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the study transect was also differentiated, but was not markedly so.
6.4.3 The Southern Distributor Zone
Boreholes sampled from the study transect at Phoum Veal demonstrated the presence of subsurface
sands within the open-depression, excepting at the northern side suggesting that the open-depression
may have been widened since its original cut. Alternatively, sand mining at the site may simply have
proceeded to the basal sand interface at the northern side of the open-depression. The surface
units of the floodplain materials sampled at the transect termini differed markedly. The upper
profile to the west was a notably red hue and clearly part of the modern road surface, whereas the
upper profile of the eastern terminus was composed of fine sand. Below those upper profiles the
two floodplain boreholes were comparable and a sandy loam/clay boundary observed in each was
recoded at comparable elevations.
Particle-size analysis results clearly differentiated the borehole subsamples sourced from the sands
of the open-depression at Phoum Veal from the adjacent floodplain materials. The basal subsamples
extracted from the open-depression were found to be similar to the floodplain materials indicating
that the base of the prior channel had been sampled successfully. The loss of much of the channel
profile has prevented reconstruction of a hydraulic history.
Boreholes sampled along a study transect at Phoum Thnol found clear evidence of stratigraphic
subsurface sands immediately to the north of the low linear mound, confirming an association of
channel flow with the Angkorian lineament. At a surface depression immediately south of the low
linear mound there was no similar indication of fluvial sediments observed in the associated borehole.
The floodplain boreholes sampled at the transect termini exhibited very similar sequences with a
coarser upper unit extending to approximately 1.1 m depth both north and south of the archaeological
lineament. Although, a coarse sandy clay unit observed deep in the profile of the northern terminus
was interpreted as a pre-Angkorian fluvial deposit. The material had a sticky consistency caused
by reduced interstitial clay within a matrix of coarse sand and is interpreted to have accumulated
over time as throughflow. The mound materials were clearly identifiable in the associated borehole
sample as a distinct silty clay loam and extended 2 m below its crest. The base of the mound can
therefore be placed at a depth of 1.5 m, notably deeper than the modern ground surface. The clear
implication is that the upper profile to the north and south of the archaeological lineament, was
deposited after its construction. The coarser upper unit of the floodplain profile is slightly higher
than the interpreted base of the mound at approximately 1.1 m depth, but largely equivalent and
consistent with an interpretation that it is post-channel deposition. It should be noted that a 0.2 m
drop in elevation occurs between the northern and southern transect termini. It is further striking
that the basal interface of the channel sediments are also at an equivalent level to the base of the
mound at 1.5 m.
Particle-size analysis does not show a consistent pattern of differentiation between subsamples
extracted from the boreholes at Phoum Thnol. However, in light of the above it is consistent
with a situation where channel sediments have been dispersed over the adjacent landscape. The
characteristics of subsamples extracted from adjacent boreholes would then be equivalent. The
analysis also clearly highlights the coarser upper units in down-hole logs across the transect and the
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equivalent level of the base of the mound and channel sediments. The down-hole log of the mound
profile also indicates that the mound base actually occurs at 1.8 m depth, bringing much closer to
the lower interface of the adjacent upper units of coarser materials.
Borehole samples across the study transect at Kok Russey showed an upper profile of stratified
sands from the western terminus increasing in depth towards the east. At the depression immediately
west of the eastern mound a surficial clay unit was recorded but with the sand unit continuing
beneath; with the base of the sand occurring at a slightly shallower level. The mound was clearly
defined in profile with the sand unit passing beneath it thinning to a wedge near its middle. The
surface protrusion of the mound therefore post-dates the sand observed here and by extrapolation,
the surficial sands observed to the west. It was also found that as the sand thinned towards the
middle of the mound, its lower interface rose. The implication is that the sand unit had overtopped
a previously existing mound composed of clay, and also that a new mound was constructed over
it. To the east of the eastern mound, the buried unit of sand was found to continue but was not
strongly represented in at the eastern terminus.
Particle-size analysis did not substantially add to the interpretations made from the borehole
survey at Kok Russey. The sand unit was differentiated from the basal and surficial clay which
was clearly differentiated in field observation. Boreholes across the transect are therefore evenly
represented in the spread of data with no distinction able to be made between them. Downhole trends
showed evidence that the basal unit of sand to the west of the eastern mound was fine compared to
a coarser but uniform overlying material. The implication is that flow velocity increased at during
operation of the channel, subsequently introducing coarser materials that filled the channel.
6.5 Conclusion
Conceptual models of the geological formation of the selected study lineaments were derived from
the initial topographical measurements and field results of the borehole survey. Topographical survey
was particularly informative as an open depression could be observed in an exaggerated profile where
it could not be visually discerned on the ground. In the majority of cases, an Angkorian channel could
be immediately identified in the results of the borehole survey. Predominantly, the channel would
present as a sandy regolith in contrast to adjacent floodplain clays. However, in cases where channel
sediments did not occur within an open-depression, that conclusion could not be confidently drawn
from the borehole results, potentially because of the use of a screw auger that acted to destroy a
range of physical properties. Subsequent examination of geological test excavations were found to
add substantially to the interpretation.
Particle-size analysis provided rigorous results and facilitated differentiation and correlation of
sediment units. The visual analysis of biplots used to achieve the necessary interpretations was
found to be a notably qualitative endeavour, despite the derivation of the data being quantitatively
based. Nevertheless, the procedure facilitated greater confidence in associating sediment units such
as distinguishing the upper and lower profiles at Peak Sneng Thmei, for example. Most significantly,
the aquired particle-size datasets allow the hydrological history of each site to be compared. However,
it is uncertain whether the sediment units measured for particle-size had been affected by pedological
166
6. STRATIGRAPHIC DIFFERENTIATION AND CORRELATION
modifications. The next chapter addresses this issue by implemeting a pedological study at each
site.
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Chapter 7
Pedological Analysis of Channel Field
Sections
7.1 Introduction
In the previous chapter, depositional histories at each of nine study sites were documented through
a program of borehole survey and particle-size analysis. What remains unclear is what pedological
processes are active in the subsurface of each site that might have altered the character of the
sediments, in particular the particle-size distribution. The borehole method used to sample for
stratigraphic analysis provided only a limited view of the characteristics of the underlying sediments.
The diameter of the borehole was small, and so macro features that might be observed in a broader
section could not be documented. Also, the augering action used to retrieve most boreholes acts to
destroy in-situ properties. This chapter documents the pedology and micromorphology of pairs of
sections exposed by hand excavation at channel and non-channel locations at each site, the locations
of which were informed by the previous stratigraphic analysis.
7.2 Methods
Interpretation of regolith formation is preferably achieved by observation of an exposed section face,
where architectural elements that can be used to classify and interpret the formation of those materi-
als can be viewed (A. P. Jones et al. 1999). Opportunistic observation of sections exposed naturally
or by construction works balance restrictions of the costs and time required to compile surficial
geological data (Jacobson et al. 2003, p. 37), such as early descriptions of the Thames Holocene
sequences (Spurrel 1899). The University of Sydney’s Greater Angkor Project have commonly taken
opportunities to investigate such exposures where they occur. Alternatively, long-trenches have been
excavated, which usually require substantial resources such as the machinery itself but also a team
of people to prepare and manage the exposed section for documentation. Notwithstanding the lo-
gistical difficulties of getting the machinery to the site, there is also an unavoidably high impact to
the archaeological resource. Consideration must also be given to the fact that areas of interest are
invariably located within and around working agrarian land, invasive archaeological works potentially
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impacting the crop yields of the people living there. In regards to both sampling efficiency, and also
the minimisation of impact to the archaeological and agricultural resource, minimal excavation was
undertaken guided by the results of the previous chapter.
Observation of exposed vertical sections are particularly important in studies of alluvial depo-
sitional environments. Typical depositional components of alluvial environments include channel,
bank and floodplain deposits, each of which may produce stratigraphic architectural features that
cannot be characterised by a 1-dimensional borehole sample. Channel deposits, formed by the active
stream channel, may develop lag, point par, channel bar and channel fill deposits, each of which
have a 3-dimensional architectural character (Nichols 2009). Channel lag deposit are discontinuous
lenticular concentrations of residual coarse materials. Point bar formations can be generally charac-
terised sedimentologically by a fining-upward sequence, but are also characterised by macro-features
such as cross-bedding of current ripple origin, including small-ripple cross-bedding, climbing-ripple
lamination, horizontal bedding, and parallel laminated mud layers. Channel bar deposits are very
similar to point bar structures and include a variety of bedform structures, although they accrete
both laterally and vertically and may produce characteristic forset laminae. Channel fill deposits
occur when the upstream flow changes course, either by chute or neck cut-off of a meander bend,
or by total channel avulsion, abandoning the downstream reach. The sudden change in flow velocity
can be detected by an abrupt fining of overlying materials, but these may occur as clay plugs which
are distinct depositional layers formed by the introduction of suspended materials during overbank
flows, sometimes exhibiting laminated bedding. In some cases, alluvial depositional environments
may also include bank deposits such as natural levees, formed where channel capacity is exceeded.
Natural levees may exhibit macro-structures comparable to point bar deposits, although they may be
identified more readily by sedimentological characteristics, coarser materials usually being deposited
closer to the channel. Where channel capacity is exceeded with enough frequency, alluvial deposi-
tional environments may include floodplain deposits, formed by gradual aggradation of suspended
materials that have been ejected from the channel during flood events (Reineck and Singh 1980,
pp. 231–253). Due to low rates of sedimentation and the action of pedological processes, floodplain
deposits may be stratigraphically featureless and observation of a section face arguably unproductive.
However, the distinction on alluvial floodplains, between horizons caused by pedological processes
and primary stratigraphy, usually does require observation of in-situ pedofeatures.
Assessment of the pedological alteration of primary stratigraphy is similarly best achieved by ob-
servation of an exposed section face (McRae 1988; Smith and Atkinson 1975). Soil forming processes
tend to produce a vertical organisation of characteristics referred to collectively as horizons. Particu-
larly in floodplain environments, primary stratification may be overprinted by such post-depositional
organisation, or mistaken for it. Prior observations of vertical sections on the Angkor Plain has
found some difficulty with separating soil horizons from primary stratigraphic units. In particular,
the rapid formation of redoximorphic features has been found to both conform to the boundaries of
primary stratigraphic units, but also to overprint them across the same vertical section. It is likely
that the effect is caused by the hydraulic properties of the sediments and also the often saturated
environment. As such, redoximorphic features may develop in association with a stratigraphic unit
due to water retention characteristics largely imparted by particle-size distribution. Alternatively,
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if saturation persists then redoximorphic features may form in response to the specific level of the
water table, potentially cutting across stratigraphic boundaries. Very complex patterns may form
as a consequence, such as at a white massive regolith material found at the southwestern end of
a trench excavated at Thnol Puttrea. Paton et al. (1995) emphasise the role of fauna, particularly
earthworms, ants and termites, in the bioturbation of soil, and consequent overprinting of stratig-
raphy. A study by Nye (1955) on in Ibadan, south-west Nigeria, suggests that termites and ants in
particular, cause the more profound effects in humid environments.
Two locations for excavation were chosen at each study site based on the analysis of strati-
graphic differentiation and correlation of the previous chapter. Specifically, one location aimed to
target the most probable center of a suspected palaeochannel, and the other on the adjacent flood-
plain. Primary evidence of a palaeochannel was regarded to include the presence of a topographic
linear depression, and/or a channel-shaped structure observed previously in GPR radargrams, but
particularly by the presence of associated coarser materials observed in borehole samples (Reineck
and Singh 1980, p. 262). In the absence of a clear lateral textural contrast, a short-range lateral
change in any other observed regolith property was used an an alternative indicator of a palaeochan-
nel, a darker colour indicating higher concentration of organic material preserved in the fill of an
abandoned channel, for example. In a similar manner, a location regarded as representative of the
adjacent floodplain was identified where the texture was observed to be fine, and its lateral variation
low.
At the two selected locations, 2 x 1 m geological test trenches were excavated, usually with
the long-axes perpendicular to the bearing of the archaeological lineament1. The perpendicular
orientation was intended to emphasise fluvial features where they existed, particularly the basal
channel interface. Excavation usually proceeded to a depth of approximately 2 m, or at least until
floodplain materials were identified in the exhumed profile. Identification of pre-Angkorian floodplain
materials on the alluvial/colluvial slopes of the Angkor Plain is somewhat speculative, although the
presence of stiff clay at depth has invariably been interpreted in studies by the Greater Angkor
Project as at least pre-Angkorian. The specific reasoning for the age-interpretation has never been
explained technically, but its usual presence at depth, and the possibility that bulk density might
increase over time in the presence of an overburden, might be invoked as a working hypothesis.
Equally though, the increase in bulk density may simply be a function of depth and so its use
as even an approximate stratigraphic marker is questionable. Nevertheless, the approximate depth
of 2 m was regarded sufficient at least for observation of the regolith profile at a level below the
base of Angkorian channels, based on the recorded depths of known examples (Samuel. Player
2005). Excavation proceeded by hand, employing either the local land owner or other available local
labour. Preparation was made to retrieve and document any archaeological materials, but none were
exhumed during excavation.
Prior to description and sampling, photo-mosaics of one face of each test trench were recorded
using a 7.1 MP Olympus µ digital camera. One face of each test trench was prepared by either
scraping back and smoothing it with the edge of a trowel, to emphasise stratigraphic interfaces, or
1No trenches were excavated at site Kok Russey as the ground was saturated at the time of investigation, due to
the onset of the summer monsoon.
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by picking peds away with the pointed end to expose the pedological structure. Broad overview
photos were acquired including a field scale and closeup images of particular features of interest.
Some problems of condensation on the camera lens were encountered in the tropical atmosphere,
compounded by an apparent increase in humidity within the test trench. A square grid of nails was
then inserted into the section face, leaving only the nail-heads visible, and the grid spacing was noted.
Photographs were then acquired facing the section squarely, and taking care to ensure that at least
nine nail-heads were included within individual images to assist subsequent geometric correction.
A mosaic was then stitched and blended using the open source Hugin - Panorama photo-stitching
software package (D‘Angelo et al. 2011), which utilises the Libpano library and Enblend-Enfuse
package. Alignment proceeded by manually selecting control points between adjacent images before
using a rectilinear projection to reduce optical warping as much as possible. Alignment optimisation
was performed to adjust for yaw, pitch and roll of the images, assuming variation of the location
of the sensor at the time of image acquisition. Exposure was optimised using a low dynamic range
preset. Finally, geometric correction was achieved by loading the image into the QGIS geographic
information system software (QGIS Development Team 2009) and georegistering onto an x-y grid,
using the nail-heads positioned within the section as control points. Images were exported to PNG
format and their size reduced using the ImageMagick (ImageMagick Studio 2014) software package.
Test trench sections presented in the following results are therefore presented with good geometrical
accuracy.
Each profile was described in detail using the international FAO system and classified accord-
ingly (FAO 2006); overall classification of each profile used the World Reference Base for Soil
Resources system (IUSS Working Group WRB 2007). The FAO description of mottling features,
specifically regarding redoximorphic features, were expanded by incorporating terminology from the
USDA Taxonomy system (Soil Survey Staff 2012), which includes a greater range of descriptors.
Field descriptions were recorded onto a pre-prepared box-tick form inclusive of the more general
descriptors. Each description was then transcribed to a csv file, uploaded to a PostgreSQL database
(Geschwinde and Scho¨nig 2002) and verbose descriptions generated automatically from an SQL
script for inclusion within the presented results. Prior to being infilled, each trench was also sampled
for in-situ micromorphological samples (see Section 7.2.1).
7.2.1 Micromorphology
Initially researched by Kubiena, micromorphology was used as a direct means of pedological analysis
and a natural support to observational field studies. The method is no longer a primary research tool
in many agricultural studies, however it is particularly utilised in historical studies such as quaternary
geomorphologists, sedimentologists, weathering specialists, and archaeologists. The methods is
particularly effective at identifying superposed pedofeatures that may have formed due to different
external forcings. The technique can provide greater stratigraphic detail not observable visually in the
field, and so provides supporting stratigraphic information. Processes of particle translocation can
inform the interpretation of particle-size analysis. As a basic supportive tool, micromorphology allows
direct observation of the mineralogical composition of sand and silt-sized particles and confirmation
of characteristics identified in the field, particularly cutans. The method can potentially show the
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depth of soil processes that affect and overprint that primary stratigraphy (FitzPatrick 1984, p. 321).
Stoops et al. (1994) regard the composition of the parent material as critical in determining the
characteristics of tropical soils such as Oxisols and Ultisols, given that the regolith materials will have
undergone substantial weathering. Otherwise, tropical micromorphological studies in archaeological
contexts have largely focussed on cave sites in archaeological studies and are not useful comparitors
for the current study
In 1969 an international working group of the International Union of Soil Sciences (IUSS) began
work to establish a comprehensive terminology terminology for the description of soil thin sections,
published as the “Handbook for Soil Thin Section Description” (Bullock, et al. 1985). As a response
to calls for a second edition, Stoops produced the “Guidelines for Analysis and Description of Soil
and Regolith Thin Sections” (2003), which built upon the earlier work and is used in the current
study.
Micromorphological analyses of each trench section was undertaken in order to complement the
field descriptions and increase the observational detail. Important descriptive properties for detrital
sediments include mineral composition, bedding and sedimentary structures, the size, shape and
sorting of particle clasts and fabric (Courty et al. 1989). The presence of fluvial bedforms are of
particular interest to the current study as they add interpretative value and are not simply a means of
material differentiation. The character and association of redoximorphic features between the more
recently deposited channel materials and older substrate was also examined as a potential diagnostic
tool of differentiation. Most critical was the identification of particle translocation by processes of
pedoturbation in order to assess the validity of the particle-size analysis undertaken in Chapter 6.
At least two undisturbed Kubie¨na samples, of approximately 10×8×6 cm dimensions were col-
lected from each geological test trench at upper and lower locations down the profile, following the
procedures outlines by FitzPatrick (1984). The samples were packaged and transported to a quar-
antine facility in Sydney, Australia, before being gamma irradiated. The samples were prepared into
thin-sections by John Vickers at facilities at the Australian National University. Thin sections were
prepared from the impregnated blocks ground to 30 microns. Each section was described following
the terminology of Stoops (2003), and photomicrographs of selected characteristics of each section
were acquired in both plain and polarised light.
7.3 The Trans-Puok Collector Zone
7.3.1 Peak Sneng Thmei
Two 2 × 1 m geological test trenches were excavated at Peak Sneng Thmei, the locations chosen
being based on the field observations of the borehole samples. Control-trench TR-1000 was located
immediately south of a low linear mound at grid x-coordinate 1067, in correspondence with borehole
sample AUG-1067. The location was also chosen to account for the possibility of a smaller channel
south of the mound, potentially accounting for some variability of the upper profile. Channel-trench
TR-2000 was located within the shallow and wide depression immediately north of the low linear
mound, and approximately 7 m to the north of borehole AUG-1107, which exhibited a clay-textured
but potentially stratic upper profile. The borehole was sampled towards the southern edge of the
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open depression to conform with the topographic low, however, the trench was instead located
more centrally within the open depression at another topographic low at grid x-coordinate 1115, to
broaden the subsurface view.
Trench TR-1000
Figure 7.1 presents a photomosaic, annotated schematic and field description of control Trench TR-
1000, classified as Stagnic Acrisol (Clayic, Ferric). The profile included accumulations of sesquioxides,
forming ferric diagnostic horizons, and distributed in a stagnic pattern.2 The character of redoxi-
morphic features was largely similar down-profile but became prominent in the basal Unit VII and
included hard nodules. Other mottles included clay bodies in Unit II, potentially related to the
occurence of infilled channels in the overlying Unit I. The profile was otherwise differentiated by
field-texture. Units I and II were described as fine sandy clay loam and Unit III as coarse sandy loam.
The texture changed substantially below approximately 0.6 m depth where Unit IV was described as
fine sandy clay and all underlying units including V, VI and VII as clay. The consistence of Unit I
was observed to be relatively strong, possibly due to exposure to higher surface temperatures. The
finer materials in and underlying Unit IV were notably weaker, potentially due to the retention of
moisture. Other characteristics of the profile included a short and discontinuous stratum of increased
clay content, possibly slightly organic, observed at 0.7 m depth (Figure 7.3a). A large void was also
observed within Unit V3 at 1.6 m depth (Figure 7.3b).
Micromorphological descriptions of thin sections sampled from Trench TR-1000 at 50 cm and
100 cm are presented in Tables 7.1 and 7.2 respectively. The coarse/fine distribution of the lower
and upper profile of Trench TR-1000, shown in Figures 7.4a and 7.4c respectively, were each described
as double-spaced fine enaulic, although the upper unit appeared to have a slightly greater proportion
of matrix material. Compositional variation was similarly low as shown in Figures 7.4b and 7.4d,
equivalent to the preceeding images but viewed in cross-polarised light. The orange colour observable
in some clasts are due to the impregnation of iron oxides into the fractured quartz crystal lattice.
Smooth vughs observed in the 100 cm sample confirm biogenic translocation of regolith constituents
at depth.
Table 7.1: Micromorphological description of trench TR-1000, 50 cm depth, Peak Sneng Thmei.
Profile: TR-1000; Depth: 50 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Ao1 horizon
Microstructure simple packing voids; smooth vughs (1-5 mm diameter, 2% of total area).
Groundmass c/f200µm ratio: 1/1; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Organic few dark brown tissue residues (m.s., 2%)
Micromass yellowish-brown, undifferentiated clay b-fabric
2A colour pattern where redoximorphic features are depleted in the upper soil profile, caused by reducing conditions
at the soil surface due to periodic waterlogging (IUSS Working Group WRB 2007).
3The void was observed in the northeast wall (southwest facing) and does not appear in Figure 7.1.
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Table 7.2: Micromorphological description of trench TR-1000, 100 cm depth, Peak Sneng Thmei.
Profile: TR-1000; Depth: 100 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo1 horizon
Microstructure complex packing voids; smooth vughs (1-5 mm diameter, 5% of total
area); smooth channels (1 mm diameter, 2% of total area).
Groundmass c/f100µm ratio: 1/4; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures weakly impregnated orthic typic nodules, yello iron oxides (20 mm diam-
eter, 2% of groundmass)
Trench TR-2000
Figure 7.2 presents a photomosaic, annotated schematic and field description of control Trench TR-
2000, classified as Stagnic Acrisol (Clayic), with residual accumulations of sesquioxides distributed in
a stagnic pattern, and gradational profile of fine materials including thick clay units. The character
of redoximorphic features were observed to be largely similar throughout the profile and apart from
the stagnic distribution, were observed to decrease in frequency slightly at the basal unit. The
texture of Units I, II and III were each described as fine sandy clay loam, and Unit IV as fine sandy
clay. Below approximately 0.75 m depth, Units V and VI were described as clay. The clay units
retained moisture and each exhibited some pedological structure. Fine channel pores were observed
throughout the profile and clay-lined channels were observed in the lower units (Figure 7.5a). A
large void was also observed in the lower profile and the materials at its base appeared to have been
filled by a discrete deposit of stratified sediments (Figure 7.5b), either formed during its biogenic
formation, or by gradual collapse of the void roof.
Micromorphological descriptions of thin sections sampled from Trench TR-2000 at 25 cm and
90 cm are presented in Tables 7.3 and 7.4 respectively. The coarse/fine distribution of Trench TR-
1000, observed between the upper and lower profile was indistinguishable, each described as double-
spaced fine enaulic and shown in Figures 7.6a and 7.6c respectively. Sand clasts were composed of
quartz and iron impregnated quartz in very similar proportions between the lower and upper profile,
as shown in cross-polarised views of the preceeding images in Figures 7.6b and 7.6d respectively.
Smooth channels occurred in both lower and upper profile, an example of the upper profile in Figure
7.6e. Orthic nodules with graded boundaries were observed throughout, an example shown in Figure
7.6f.
Table 7.3: Micromorphological description of trench TR-2000, 25 cm depth, Peak Sneng Thmei.
Profile: TR-2000; Depth: 25 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
A2 horizon
Microstructure complex packing voids; smooth vughs (1-10 mm diameter, 40% of total
area); smooth channels (1 mm diameter, 10% of total area).
Continued on next page . . .
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Table 7.3 . . . continued from previous page
Profile: TR-2000;
Vertical thin sections
Groundmass c/f100µm ratio: 1/4; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (1 mm
diameter, <1% of groundmass)
Table 7.4: Micromorphological description of trench TR-2000, 90 cm depth, Peak Sneng Thmei.
Profile: TR-2000; Depth: 90 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo1 horizon
Microstructure complex packing voids; smooth vughs (20 mm diameter, 40% of total
area); smooth channels (2 mm diameter, 10% of total area)area).
Groundmass c/f100µm ratio: 1/2; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (5 mm
diameter, <1% of groundmass)
7.3.2 Peak Sneng Cha
Two 2 × 1 m geological test trenches were excavated at Peak Sneng Cha, based on results of the
borehole observations. Control-trench TR-1000 was located within a modern incised drainage gully
flanking the west of a high linear mound. Advantage was taken to observe the subsurface properties
of an ephemeral channel, although the location was also regarded as a suitable control given that the
corresponding borehole sample AUG-1063, was not dissimilar to the nearby terminus sample, AUG-1000.
The control-trench was located on a topographic low at grid x-coordinate 1063 and excavated with
its long axis perpendicular to the bearing of the incised channel. Channel-trench TR-2000 was located
within a wide open depression immediately to the east of the high linear mound; the corresponding
borehole sample, AUG-1136, showing clear evidence of fluvial sands. The channel-trench could only
be excavated to 80 cm due to saturation of the profile below that depth, causing the section wall to
collapse. The base of the channel interface could therefore not be observed directly.
Trench TR-1000
Figure 7.7 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Stagnic Acrisol (Abruptic, Clayic, Manganiferric). The profile included accumulations
of sesquioxides in stagnic pattern with prominent and frequent dark nodules at the base of the
profile. The profile was also notable for an abrupt textural change with sandy loams overlying thick
clay units composing the lower half of the profile. The stagnic distribution of redoximorphic features
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7.3. THE TRANS-PUOK COLLECTOR ZONE
5 cm
(a) Discontinuous clay stratum at 0.7 m
depth.
10 cm
(b) Void at 1.6 m depth.
Figure 7.3: Pedological features observed in trench TR-1000, Peak Sneng Thmei.
1 mm
(a) Double-spaced fine enaulic coarse/fine
distribution at 50 cm depth (plane-
polarised light).
1 mm
(b) Double-spaced fine enaulic coarse/fine
distribution at 50 cm depth (cross-
polarised light).
1 mm
(c) Double-spaced fine enaulic coarse/fine
distribution at 100 cm depth (plane po-
larised light).
1 mm
(d) Double-spaced fine enaulic coarse/fine
distribution at 100 cm depth (plane po-
larised light).
1 mm
(e) Smooth vugh at 100 cm depth (plane-
polarised light).
Figure 7.4: Micromorphological features observed in trench TR-1000, Peak Sneng Thmei.
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1 cm
(a) Clay-lined channel at 1.1 m depth.
5 cm
(b) Void at 0.85 m depth.
Figure 7.5: Pedological features observed in trench TR-2000, Peak Sneng Thmei.
1 mm
(a) Double-spaced fine enaulic coarse/fine
distribution at 25 cm depth (plane-
polarised light).
1 mm
(b) Double-spaced fine enaulic coarse/fine
distribution at 25 cm depth (cross-
polarised light).
1 mm
(c) Double-spaced fine enaulic coarse/fine
distribution at 90 cm depth (plane po-
larised light).
1 mm
(d) Double-spaced fine enaulic coarse/fine
distribution at 90 cm depth (plane po-
larised light).
1 mm
(e) Smooth channel at 25 cm depth
(plane-polarised light).
1 mm
(f) Orthic nodule at 90 cm depth (cross-
polarised light).
Figure 7.6: Micromorphological features observed in trench TR-2000, Peak Sneng Thmei.
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provides the main differentiation between the units, predominantly by the frequency of occurence
in the upper profile but also by colour in the finer lower profile. Redoximorphic features increase
in frequency in Unit V and were faint and of yellowish hue. In Unit VI, the redoximorphic features
included prominent hard dark nodules and distinct soft red redoximorphic masses. Units I, II and
III were each described as coarse sandy loam, whereas the underlying unit IV is notably coarser
and described as coarse loamy sand. Below approximately 0.75 m depth, an abrupt textural change
occurs with Units V and VI both described as clay. Other notable characteristics of the profile
include channels within the clay materials of Unit V filled with sand, presumably derived from the
coarser overlying materials (Figure 7.9a). Clay-lined channels were also observed in the same unit
(Figure 7.9b).
Micromorphological descriptions of thin-sections sampled from Trench TR-1000 at 65 cm and
110 cm are presented in Tables 7.5 and 7.6 respectively. The coarse/fine distribution of the lower
and upper profile of Trench TR-1000, shown in Figures 7.10a and 7.10c respectively, were described
as single-spaced and double-spaced fine enaulic respectively demonstrating the lower profile to have
a greater proportion of matrix material and the upper unit to have likely been depositional. Mineral
composition between the lower and upper units were indistinguishable, each being composed of
quartz sands, some clasts being impregnated with iron where fractures occur in the crystal lattice
(Figures 7.10b and 7.10d). Pedofeatures observed in thin-section included strongly impregnated
orthic typic nodules. An example is shown in Figure 7.10e showing a rough-edge, demonstrating
in-situ formation.
Table 7.5: Micromorphological description of trench TR-1000, 65 cm depth, Peak Sneng Cha.
Profile: TR-1000; Depth: 65 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Ao3 horizon
Microstructure simple packing voids.
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (3 mm di-
ameter, <1% of groundmass)
Table 7.6: Micromorphological description of trench TR-1000, 110 cm depth, Peak Sneng Cha.
Profile: TR-1000; Depth: 110 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo horizon
Microstructure complex packing voids; smooth vughs (5 mm diameter, 2% of total area);
smooth channels (1 mm diameter, 2% of total area).
Groundmass c/f100µm ratio: 1/4; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Continued on next page . . .
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Table 7.6 . . . continued from previous page
Profile: TR-1000;
Vertical thin sections
Pedofeatures moderately impregnated orthic typic nodules, yellow iron oxides (20 mm
diameter, 5% of groundmass); strongly impregnated orthic typic nodules,
brown iron oxides (5 mm diameter, <1% of groundmass)
Trench TR-2000
A photmosaic, annotated schematic and field description of channel-trench TR-2000 is presented in
Figure 7.8. The depth of the channel-trench was not excavated below 0.8 m due to a very high
water table, causing undermining of the section wall. The profile was classified as Ferralic Arenosol
(Ferric) and was composed largely of a distinctly pink-hued sand4 with residual accumulations of
sequioxides distributed in a stagnic pattern. Unit boundaries were defined primarily on distribution
of redoximorphic features, with other characteristics of the redoximorphic features being similar
down-profile and consisting of distinct orange masses below approximately 0.27 m (Figure 7.11a).
Redoximorphic features were frequent in the surface unit, associated with root linings, but absent
in the basal unit, most likely due to a more reducing environment of the high water table. The
surface unit was notably finer than the deeper profile and was described as fine loam, compared to
fine loamy sand of the observable underlying units. The finer surface texture can be attributed to
the formation of clay masses due to ponding surface water (Figure 7.11b).
Micromorphological descriptions of thin-sections sampled from Trench TR-2000 at 45 cm is pre-
sented in Tables 7.7. The coarse/fine distribution of the lower and upper profile, shown in Figure
7.12a was described as single-spaced fine enaulic, composed of sand-sized quartz clasts. Channels
were clearly observable in thin-section, shown in Figure 7.12c.
Table 7.7: Micromorphological description of trench TR-2000, 45 cm depth, Peak Sneng Cha.
Profile: TR-2000; Depth: 45 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo1 horizon
Microstructure simple packing voids; rough channels (1 mm diameter, 2% of total area).
Groundmass c/f200µm ratio: 1/3; c/f-related distribution pattern: single-spaced equal
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
7.4 The Cis-Puok Collector Zone
7.4.1 Phnom Dei
Two 2 × 1 m geological test trenches were excavated at Phnom Dei. Control-trench TR-1000 was
sampled east of the high linear mound and beyond the wide open depression at the far eastern
4The pink hue was not captured in either the photographic record or by the recorded Munsell record but was
particularly evident during observation in the field.
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1 cm
(a) Sand-filled void.
1 cm
(b) Clay-lined channel.
Figure 7.9: Pedological features observed in trench TR-1000, Peak Sneng Cha.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution at 65 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution at 65 cm depth (cross-
polarised light).
1 mm
(c) Double-spaced fine enaulic coarse/fine
distribution at 110 cm depth (plane-
polarised light).
1 mm
(d) Double-spaced fine enaulic coarse/fine
distribution at 110 cm depth (cross-
polarised light).
1 mm
(e) Orthic nodule at 65 cm depth (plane-
polarised light).
1 mm
(f) Orthic nodule at 110 cm depth (cross-
polarised light).
Figure 7.10: Micromorphological features observed in trench TR-1000, Peak Sneng Cha.
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1 cm
(a) Distinct orange redoximorphic mass
formed within fine loamy sand.
10 cm
(b) Clay masses in the surface unit formed
by ponded water.
Figure 7.11: Pedological features observed in trench TR-2000, Peak Sneng Cha.
1 mm
(a) Single-spaced equal enaulic coarse/fine
distribution at 45 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced equal enaulic coarse/fine
distribution at 45 cm depth (cross-
polarised light).
1 mm
(c) Smooth channel (plane polarised light).
Figure 7.12: Micromorphological features observed in trench TR-2000, Peak Sneng Cha.
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terminus of the transect, at grid x-coordinate 1300. Being located on the upslope side of the high
linear mound, sediments transported along the open-depression may have contributed to its surface
due to overbank flooding. Nevertheless, the control-trench was regarded as a suitable comparison
given that the channel-trench TR-1000, located at grid x-coordinate 1067, was excavated in the open-
depression on the western side of the mound. The broad open-depression on the eastern side was
too saturated to permit excavation.
Trench TR-1000
Figure 7.13 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Stagnic Acrisol (Clayic, Ferric). The profile included accumulations of sesquioxides
in ferric diagnostic horizons in a stagnic pattern, and thick units of clay. The stagnic pattern
of redoximorphic features was pronounced, being absent in Units I and II, but then expressed as
prominent reddish masses below approximately 90 cm in Units III and IV (Figure 7.15b). Faint yellow
redoximorphic masses were also observed in those units. The texture profile was reasonably uniform,
composing fine sandy loam in the thin Unit I at the surface, but otherwise fine sandy clay in the
underlying Units II, III and IV. Medium-diameter roots occurred within Units I and II (Figure 7.15a)
and fine channel pores were observed throughout the profile, which was also consistently moist and
soft under the thickly vegetated location.
Micromorphological descriptions of thin sections sampled from Trench TR-1000 at 60 cm and
100 cm are presented in Tables 7.8 and 7.9 respectively. The coarse/fine distribution of the lower and
upper profile of Trench TR-1000, shown in Figures 7.16a and 7.16c respectively, were each described
as single-spaced fine enaulic. Mineralogical differentiation is low between the upper and lower profile
as shown in Figures 7.16b and 7.16d, each composed of quartz, the upper profile appeared to have
a greater quantity of iron-impregnated clasts. Pedological redistribution of particles are confirmed
by the presence of a channel filled with sandier materials (Figure 7.16e) and also by the presence of
smooth vughs (Figure 7.16f).
Table 7.8: Micromorphological description of trench TR-1000, 60 cm depth, Phnom Dei.
Profile: TR-1000; Depth: 60 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
B1 horizon
Microstructure simple packing voids; smooth vughs (10 mm diameter, 5% of total area);
smooth channels (1 mm diameter, 2% of total area).
Groundmass c/f200µm ratio: 1/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass grey, undifferentiated clay b-fabric
Continued on next page . . .
186
7. PEDOLOGICAL ANALYSIS OF CHANNEL FIELD SECTIONS
Table 7.9 . . . continued from previous page
Profile: TR-1000;
Vertical thin sections
Table 7.9: Micromorphological description of trench TR-1000, 100 cm depth, Phnom Dei.
Profile: TR-1000; Depth: 100 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo2 horizon
Microstructure complex packing voids; smooth vughs (10 mm diameter, 5% of total
area).
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (1 mm di-
ameter, <1% of groundmass)
Trench TR-2000
A photomosaic, schematic and field description of Trench TR-2000 is presented in (Figure 7.14). The
depth of the channel-trench was not excavated below 1 m due to a high water table, and the clay
materials observed at the base were consistent with materials exhumed during along the transect
during the borehole survey. The profile was classified as Stagnic Acrisol (Clayic, Ferric) and included
residual accumulations of sesquioxides, predominantly of yellowish hue, forming ferric diagnostic
horizons and distributed in a stagnic pattern. The profile was also notable for thick clay units. In
the lower profile, the colour of redoximorphic features formed the basis of unit discrimination, Unit
III exhibiting somewhat more reddish-hued features (Figure 7.17b). A strong texture contrast was
observed between Unit I at the surface, described as fine sand, and the clay composing Units II and
III below approximately 0.25 m. Faint lamminae preserved within Unit I (Figure 7.17a) suggests
that the sand deposition is very recent, given that the area was used as both ricefield and pasture,
and its surface is presumably frequently disturbed.
Micromorphological descriptions of thin sections sampled from Trench TR-2000 at 10 cm and
60 cm are presented in Tables 7.10 and 7.11 respectively. The coarse/fine distribution of the lower
and upper profile of Trench TR-1000, shown in Figures 7.18a and 7.18c respectively, were each
described as single-spaced fine enaulic. Mineralogical differentiation is low between the upper and
lower profile as shown in Figures 7.18b and 7.18d, each composed of quartz. Orthic nodules located
in both the upper and lower profiles were interpreted to have formed in-situ based on the gradual
boundary with the matrix, which was clearly incorporated into it (Figure 7.18e and 7.18f).
Table 7.10: Micromorphological description of trench TR-2000, 10 cm depth, Phnom Dei.
Profile: TR-2000; Depth: cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Ah horizon
Continued on next page . . .
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Table 7.10 . . . continued from previous page
Profile: TR-2000;
Vertical thin sections
Microstructure complex packing voids; smooth ellipsoid vugh (2 mm diameter, 2% of
total area).
Groundmass c/f200µm ratio: 1/4; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, yellow to black iron oxides
(10% of groundmass)
Table 7.11: Micromorphological description of trench TR-2000, 60 cm depth, Phnom Dei.
Profile: TR-2000; Depth: cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo horizon
Microstructure complex packing voids; smooth vughs (10 mm diameter, 2% of total
area); smooth channes (1 mm diameter, <1% of total area).
Groundmass c/f200µm ratio: 2/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures weakly impregnated orthic typic nodules, brown iron oxides (10-30 mm
diameter, 10% of groundmass)
7.4.2 Kok Kooul
Two 2 × 1 m geological test trenches were excavated at Kok Kooul. Control-trench TR-1000 was
sampled at the western terminus of the borehole transect, centered at grid x-coordinate 1001. The
channel-trench TR-2000 was located in a shallow linear depression at the immediate eastern flank of
a low and wide linear mound, centered at grid x-coordinate 1122.
Trench TR-1000
Figure 7.19 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Stagnic Acrisol (Clayic, Ferric). The profile included accumulations of sesquioxides in
ferric diagnostic horizons in a stagnic pattern, and thick units of clay. Frequencies of redoximorphic
features were very few in Unit I at the surface but increased gradually down-profile, except in Unit V
where a decrease occurs. Yellow redoximorphic features occur in Units I, II and V but were notably
reddish in Units III and IV. The textual profile was also gradational, becoming finer with depth. Unit
I was described as fine sandy loam, Unit II as fine sandy clay loam, and all underlying units as clay.
Tables 7.12 and 7.13 show micromorphological descriptions of thin section prepared from 60 cm
and 110 cm depths respectively. The distribution of coarse and fine fractions were described as
single-spaced fine enaulic for each sample, illustrated in plane-polarised light in Figures 7.22a and
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1 cm
(a) Medium root at 50 cm depth.
1 cm
(b) Red redoximorphic feature formed
within Unit IV.
Figure 7.15: Pedological features observed in trench TR-1000, Phnom Dei.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (cross-
polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution at 100 cm depth (plane-
polarised light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution at 100 cm depth (cross-
polarised light).
1 mm
(e) Infilled channel at 60 cm depth (plane-
polarised light).
1 mm
(f) Smooth vugh at 100 cm depth (plane-
polarised light).
Figure 7.16: Micromorphological features observed in trench TR-1000, Phnom Dei.
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3 cm
(a) Faint sand lamminae in Unit I.
1 cm
(b) Distinct red redoximorphic feature
formed within Unit III.
Figure 7.17: Pedological features observed in trench TR-1000, Phnom Dei.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution at 10 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution at 10 cm depth (cross-
polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (plane po-
larised light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (plane po-
larised light).
1 mm
(e) Orthic nodule at 10 cm depth (plane-
polarised light).
1 mm
(f) Orthic nodule at 60 cm depth (cross-
polarised light).
Figure 7.18: Micromorphological features observed in trench TR-2000, Phnom Dei.
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7.22c for the 60 cm and 110 cm samples respectively. Mineralogical differentiation between the two
samples was low, the coarse fraction of each being composed of quartz, illustrated in cross-polarised
views of the previous images, shown in Figures 7.22b and 7.22d. Orthic nodules formed in-situ were
the dominant pedofeatures observed, an example from 60 cm shown in Figure 7.22e.
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Table 7.12: Micromorphological description of trench TR-1000, 60 cm depth, Kok Kooul.
Profile: TR-1000; Depth: 60 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
BAo horizon
Microstructure complex packing voids; smooth vughs (10 mm diameter, 10% of total
area).
Groundmass c/f100µm ratio: 1/2; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (10 mm
diameter, 10% of groundmass); weakly impregnated orthic typic nodules,
yellow iron oxides (2 mm diameter, <1% of groundmass)
Table 7.13: Micromorphological description of trench TR-1000, 110 cm depth, Kok Kooul.
Profile: TR-1000; Depth: 110 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo1 horizon
Microstructure complex packing voids; smooth vughs (5-10 mm diameter, 2% of total
area); smooth channels (2 mm, <1% of total area).
Groundmass c/f100µm ratio: 1/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (10 mm
diameter, 2% of groundmass); weakly impregnated orthic typic nodules,
yellow iron oxides (2 mm diameter, <1% of groundmass)
Trench TR-2000
A photomosaic, schematic and field description of Trench TR-2000 is presented in Figure 7.20. The
profile was classified as Stagnic Acrisol (Abruptic, Clayic, Ferric) and included residual accumulations
of sesquioxides forming ferric diagnostic horizons and distributed in a stagnic pattern. The profile was
also notable for an abrupt textural change and also thick units of clay. Redoximorphic features were
absent in the surface unit and were very few in Unit II. The frequency of distinct yellow redoximorphic
features increased sharply from Unit III and remained consistent down-profile, although the features
are notably redder in Unit IV. The textural profile was generally gradational, becoming finer with
depth, but with a marked coarsening at the basal unit. Unit I was described as fine clay loam,
Unit II as fine sandy clay loam, Unit III as fine sandy clay, Unit IV as clay, and Unit V exhibiting a
coarsening being composed of fine sandy loam.
Tables 7.14 and 7.15 show micromorphological descriptions of thin section prepared from 60 cm
and 135 cm depths respectively. The distribution of coarse and fine fractions were described as
single-spaced fine enaulic in each case, viewed under plane-polarised light in Figures 7.24a and
7.24c for the 60 cm and 135 cm samples respectively. Mineralogical differentiation between the two
samples was again low, the coarse fraction of each being composed of quartz, the previous images
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being viewed under cross-polarised in Figures 7.24b and 7.24d. Orthic nodules formed in-situ were
again the dominant pedofeatures observed, examples from 60 cm and 135 cm shown in Figures 7.24e
and 7.24f.
Table 7.14: Micromorphological description of trench TR-2000, 60 cm depth, Kok Kooul.
Profile: TR-2000; Depth: 60 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
1ABo horizon
Microstructure complex packing voids; smooth ellipsoid vughs (300 um diameter, 2% of
total area).
Groundmass c/f100µm ratio: 1/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (10 mm
diameter, 2% of groundmass); weakly impregnated orthic typic nodules,
yellow iron oxides (2 mm diameter, <1% of groundmass)
Table 7.15: Micromorphological description of trench TR-2000, 135 cm depth, Kok Kooul.
Profile: TR-2000; Depth: 135 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
2Bo2 horizon
Microstructure complex packing voids; smooth vughs (1-10 mm diameter, 5% of total
area).
Groundmass c/f100µm ratio: 1/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown and yellow iron oxides
(10-30 mm diameter, 10% of groundmass)
7.4.3 Trapeang Svay
Two 2 × 1 m geological test trenches were excavated at Trapeang Svay. Control-trench TR-1000 was
sampled south of the low linear mound at grid x-coordinate 975, in correspondence with borehole
sample AUG-0975. Trench TR-2000 was located at grid x-coordinate 1010, approximately half-way
between the low linear mound to the immediate south, and a prominent ricefield bund to the
north, although there was no indication of a surface depression between them. Nevertheless, the
corresponding borehole, AUG-1010, included a thin unit of fine sand, indicating the unit may have
formed in a fluvial environment and was therefore the most probable location of an Angkorian
channel.
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1 cm
(a) Faint yellowish redoximorphic features
in Unit II.
1 cm
(b) Prominent reddish redoximorphic fea-
tures in Unit III.
Figure 7.21: Pedological features observed in trench TR-1000, Kok Kooul.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (cross-
polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution at 110 cm depth (plane-
polarised light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution at 110 cm depth (cross-
polarised light).
1 mm
(e) Orthic nodule at 60 cm depth.
Figure 7.22: Micromorphological features observed in trench TR-1000, Kok Kooul.
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1 cm
(a) Prominent red redoximorphic features
in Unit IV.
10 cm
(b) Void (crab hole) in Unit IV.
Figure 7.23: Pedological features observed in trench TR-2000, Kok Kooul.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution at 60 cm depth (cross-
polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution at 135 cm depth (plane-
polarised light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution at 135 cm depth (cross-
polarised light).
1 mm
(e) Orthic nodule at 60 cm.
1 mm
(f) Orthic nodule at 135 cm.
Figure 7.24: Micromorphological features observed in trench TR-2000, Kok Kooul.
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Trench TR-1000
Figure 7.25 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Stagnic Acrisol (Clayic, Ferric). The profile included accumulations of sesquioxides
in a stagnic pattern, producing ferric diagnostic horizons, and thick units of clay. Yellowish-hue
redoximorphic features (Figure 7.27a) were present throughout the profile but were few in the upper
Units I and II and increased below approximately 30 cm. Redoximorphic features were particularly
frequent in the lower Units IV and V. They were notably coarse in Unit IV and included prominent
red and dark nodules in Unit V (Figure 7.27b). The textural profile was gradational, becoming finer
down-profile. Unit I was described as sandy clay loam, fining to sandy clay in Units II, III and IV,
and clay in Unit V. The surface unit was notable for inclusions of aggregates of pink sand. Fine
channels were also observed in the unit but were very few.
Tables 7.16 and 7.17 show micromorphological descriptions of prepared thin sections sampled
from 15 cm and 90 cm depths respectively. The distribution of coarse and fine fractions were
described as double-spaced fine enaulic for each sample, illustrated in plane-polarised light in Figures
7.28a and 7.28c for the 15 cm and 90 cm samples respectively. Mineralogical differentiation between
the two samples was low, the coarse fraction of each being composed of quartz, illustrated in cross-
polarised views of the previous images in Figures 7.28b and 7.28d. Translocation of fine particles
was demonstrated by the presence Clay linings, observed in some vughs and illustrated in Figure
7.28e.
Table 7.16: Micromorphological description of trench TR-1000, 15 cm depth, Trapeang Svay.
Profile: TR-1000; Depth: 15 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Ao horizon
Microstructure complex packing voids; smooth vughs (1 mm diameter, <1% of total
area); smooth channels (1 mm diameter, <1% of total area).
Groundmass c/f100µm ratio: 1/4; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass grey, undifferentiated clay b-fabric
Pedofeatures weakly impregnated orthic typic nodules, brown iron oxides (1 mm diam-
eter, 5% of groundmass)
Table 7.17: Micromorphological description of trench TR-1000, 90 cm depth, Trapeang Svay.
Profile: TR-1000; Depth: 90 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo3 horizon
Microstructure complex packing voids; smooth vughs (1 mm diameter, <1% of total
area); smooth channels (1 mm diameter, <1% of total area).
Groundmass c/f100µm ratio: 1/3; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Continued on next page . . .
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Table 7.17 . . . continued from previous page
Profile: TR-1000;
Vertical thin sections
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (10-30
mm diameter, 15% of groundmass)
Trench TR-2000
A photomosaic, schematic and field description of Trench TR-2000 is presented in Figure 7.26. The
profile was classified as Stagnic Acrisol (Abruptic, Clayic, Ferric, Ruptic) and included residual
accumulations of sesquioxides forming ferric diagnostic horizons and distributed in a stagnic pattern.
The profile was also notable for an abrupt textural change and also thick units of clay. Yellowish
hue redoximorphic features were present within the loam and clay units and increase substantially
in frequency and prominence within the basal clay unit, including prominent red and dark nodules.
The down-profile texture was variable, Units I and II were described as fine sandy clay loam, Unit
III as clay and also conspicuously lacking of an observable sand fraction. An abrupt textural change
occurred in Unit IV, described as medium sand and notable for a pinkish hue when observed in the
field. The texture again changed substantially in Unit V, described as clay. Fine channels were also
observed in the unit but these were very few.
Tables 7.18 and 7.19 show micromorphological descriptions of thin sections sampled from 70 cm
and 80 cm depths respectively. Sample 70 cm was extracted from the boundary between units III
and IV; sample 80 cm was extracted from the boundary between units IV and V (Figure 7.25). The
distribution of coarse and fine fabric was described as double-spaced fine enaulic, close-fine enaulic
and double-spaced fine enaulic for units III, IV and V, shown in Figures 7.30a, 7.30c and 7.30e
respectively. Mineralogical variation was low with the coarse component of each unit composed of
quartz, shown respectively in cross-polarised views of the previous images in Figures 7.30b, 7.30d
and 7.30f.
Table 7.18: Micromorphological description of trench TR-2000, 70 cm depth, Trapeang Svay.
Profile: TR-2000; Depth: 70 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
1Bo horizon
Microstructure complex packing voids; smooth channels (1 mm diameter, <1% of total
area).
Groundmass c/f100µm ratio: 1/4; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (1 mm
diameter, <1% of groundmass)
2Ao horizon
Groundmass c/f200µm ratio: 10/1; c/f-related distribution pattern: close-fine enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (1 mm
diameter, <1% of groundmass)
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Table 7.19: Micromorphological description of trench TR-2000, 80 cm depth, Trapeang Svay.
Profile: TR-2000; Depth: 80 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
2Ao horizon
Groundmass c/f200µm ratio: 10/1; c/f-related distribution pattern: coarse monic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (1 mm
diameter, <1% of groundmass)
2Bo horizon
Microstructure complex packing voids; smooth vughs (1-5 mm diameter, <1% of total
area).
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (1-5 mm
diameter, 2% of groundmass); weakly impregnated orthic typic nodules,
yellow iron oxides (1-5 mm diameter, 2% of groundmass)
7.4.4 Phoum Pluong
Two 2 × 1 m geological test trenches were excavated at Phoum Pluong. Control-trench TR-1000 was
located south of the high linear mound within thick but moderately immature vegetation, at the
southern terminus of the borehole transect. The channel-trench, TR-2000, was located 5 m north of a
boreholes sampled at the lowest ground north of the high linear mound. The re-location was decided
due to the occurrence of a channel-shaped structure observed in GPR radargrams suggesting that a
channel-shaped structure occurred in that location.
Trench TR-1000
Figure 7.31 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Stagnic Lixisol (Abruptic, Arenic), exhibiting a clay subsoil, a stagnic colour pattern,
a texture contrast and a surface accumulation of organic materials. Yellowish-brown redoximorphic
features were concentrated in the lower units (Figure 7.33a). Texture was observed to become finer
down the profile. Units I and II were recorded as fine sandy loam, Unit III as fine loamy sand, Unit
IV as fine sandy clay loam, and Unit V as fine sandy clay. Sesquioxides occurred in Units IV and V
but were more distinct in Unit V. Large voids were observed deep in the profile within Units IV and
V, of similar size and dimensions to crab holes observed at site Phoum Thnol (Figure 7.33b).
Tables 7.20 and 7.21 show micromorphological descriptions of thin sections sampled and pre-
pared from 100 cm and 160 cm depths respectively. The distribution of coarse and fine fractions
were described as single-spaced fine enaulic for each sample, illustrated in plane-polarised light in
Figures 7.34a and 7.34c for the 100 cm and 160 cm samples respectively. Mineralogical differen-
tiation between the two samples was low, the coarse fraction of each being composed of quartz,
illustrated in cross-polarised views of the previous images in Figures 7.34b and 7.34d. Clasts of iron-
impregnated quartz described micromorphologically at previous sites are confimed here as quartz
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3 cm
(a) Yellowish redoximorphic features in
Unit IV.
5 cm
(b) Prominent red and dark nodules in Unit
V.
Figure 7.27: Pedological features observed in trench TR-1000, Trapeang Svay.
1 mm
(a) Double-spaced fine enaulic coarse/fine
distribution, Unit I (plane-polarised light).
1 mm
(b) Double-spaced fine enaulic coarse/fine
distribution, Unit I (cross-polarised light).
1 mm
(c) Double-spaced fine enaulic coarse/fine
distribution, Unit V (plane-polarised light).
1 mm
(d) Double-spaced fine enaulic coarse/fine
distribution, Unit V (cross-polarised light).
1 mm
(e) Clay lining, Unit V.
Figure 7.28: Micromorphological features observed in trench TR-1000, Trapeang Svay.
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10 cm
(a) Sand, Unit IV.
5 cm
(b) Prominent redoximorphic features in
Unit V, below sand.
Figure 7.29: Pedological features observed in trench TR-2000, Trapeang Svay.
1 mm
(a) Double-spaced fine enaulic coarse/fine
distribution, Unit III (plane-polarised
light).
1 mm
(b) Double-spaced fine enaulic coarse/fine
distribution, Unit III (cross-polarised light).
1 mm
(c) Close-fine enaulic coarse/fine distribu-
tion, Unit IV (plane-polarised light).
1 mm
(d) Close-fine enaulic coarse/fine distribu-
tion, Unit IV (cross-polarised light).
1 mm
(e) Double-spaced fine enaulic coarse/fine
distribution, Unit V (plane-polarised light);
orthic nodule.
1 mm
(f) Double-spaced fine enaulic coarse/fine
distribution, Unit V (cross-polarised light);
orthic nodule.
Figure 7.30: Micromorphological features observed in trench TR-2000, Trapeang Svay.
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due to a distinctive undulose extinction pattern. Figures 7.34e and 7.34f shows an interlocked clast
that includes both an orange and a white component. The orange and white components are viewed
under cross-polarised light showing their respective undulose extinction patterns.
Table 7.20: Micromorphological description of trench TR-1000, 100 cm depth, Phoum Pluong.
Profile: TR-1000; Depth: 100 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Ao2 horizon
Microstructure complex packing voids; smooth vughs (10 mm diameter, 10% of total
area).
Groundmass c/f100µm ratio: 2/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures weakly impregnated orthic typic nodules, yellow iron oxides (5 mm diam-
eter, <1% of groundmass)
Table 7.21: Micromorphological description of trench TR-1000, 160 cm depth, Phoum Pluong.
Profile: TR-1000; Depth: 160 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo2 horizon
Microstructure complex packing voids; smooth vughs (10-20 mm diameter, 10% of total
area).
Groundmass c/f100µm ratio: 2/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures weakly impregnated orthic typic nodules, brown and yellow iron oxides
(5-15 mm diameter, 5% of groundmass)
Trench TR-2000
A photomosaic, schematic and field description of Trench TR-2000 is presented in Figure 7.32. The
profile was classified as Stagnic Lixisol (Clayic, Nudiardic). It exhibited a stagnic colour pattern with
clay textures extending from the profile surface. Yellowish-brown redoximorphic features were concen-
trated in the lower units; the shape of features in Unit III included vertical depletions (Figures 7.35a).
Unit II deviated slightly in texture and was recorded as sandy clay. Residual sesquioxide accumula-
tions were frequent in Units III and IV. Large voids were observed deep in the profile within Unit IV,
of similar size and dimensions to crab holes observed at site Phoum Thnol (Figure 7.35b).
Tables 7.22 and 7.23 show micromorphological descriptions of thin sections sampled and prepared
from 40 cm and 80 cm depths respectively. The distribution of coarse and fine fractions were
described as single-spaced fine enaulic for each sample, illustrated in plane-polarised light in Figures
7.36a and 7.36c for the 40 cm and 80 cm samples respectively. Mineralogical differentiation between
the two samples was low, the coarse fraction of each being composed of quartz, illustrated in cross-
polarised views of the previous images in Figures 7.36b and 7.36d. Orthic nodules formed in-situ, as
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evidenced by the gradual boundary incorporating the matrix material, were the dominantly observed
pedofeature, examples shown in Figures 7.36e and 7.36f respectively.
Table 7.22: Micromorphological description of trench TR-2000, 40 cm depth, Phoum Pluong.
Profile: TR-2000; Depth: 40 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo1 horizon
Microstructure complex packing voids; smooth vughs (10-30 mm diameter, 50% of total
area).
Groundmass c/f200µm ratio: 1/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (70% of
groundmass)
Table 7.23: Micromorphological description of trench TR-2000, 80 cm depth, Phoum Pluong.
Profile: TR-2000; Depth: 80 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bo2 horizon
Microstructure complex packing voids; smooth vughs (10 mm diameter, 5% of total
area); smooth channels (2 mm, 2% of total area).
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (90% of
groundmass)
7.5 The Southern Distributor Zone
7.5.1 Phoum Veal
Two 2 × 1 m geological test trenches were excavated at Phoum Veal. Excavation of a channel-trench
within the main open depression was not possible due to saturation of the immediate subsurface.
Instead, Trench TR-2000 was centered at grid x-coordinate 1092, on a wide terrace-like bench flanking
the open-depression to the immediate west. Sands were observed in the upper units of borehole
AUG-1092, sampled at that location. Given the lower level of the surface of the bench relative to the
surrounding landscape, those sands might be expected to have derived from the open-depression as
an overbank deposit, giving at least a proxy view of the channel profile. Control-trench TR-1000 was
located at grid x-coordinate 1300, east of the wide open depression at the terminus of the borehole
transect, within an unsealed alley way. The control-trench was located on the eastern side of the
open-depression as excavation on the western side would impact a road, which would have posed
both a safety risk to traffic and unnecessary damage to urban infrastructure.
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5 cm
(a) Yellowish-brown redoximorphic fea-
ture, Unit V.
5 cm
(b) Void, Unit V
Figure 7.33: Pedological features observed in trench TR-1000, Phoum Pluong.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution, Unit III (plane-polarised
light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution, Unit III (cross-polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution, Unit V (plane-polarised light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution, Unit V (cross-polarised light).
0.5 mm
(e) Undulose extinction in iron impreg-
nated quartz.
0.5 mm
(f) Undulose extinction in white quartz.
Figure 7.34: Micromorphological features observed in trench TR-1000, Phoum Pluong.
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5 cm
(a) Vertical redox depletions, Unit III.
1 cm
(b) Void, Unit IV.
Figure 7.35: Pedological features observed in trench TR-2000, Phoum Pluong.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution, Unit III (plane-polarised
light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution, Unit III (cross-polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution, Unit IV (plane-polarised
light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution, Unit IV (cross-polarised light).
1 mm
(e) Orthic nodule, Unit III (plane-polarised
light).
1 mm
(f) Orthic nodule, Unit IV (plane-polarised
light).
Figure 7.36: Micromorphological features observed in trench TR-2000, Phoum Pluong.
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Trench TR-1000
Figure 7.37 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Ferralic Acrisol (Abruptic, Arenic, Ferric, Ruptic). The profile included an abrupt textural
change, a thick sand unit, residual accumulations of seqsquioxides throughout, and a lithological
discontinuity. Redoximorphic features are dispersed throughout the profile and the stagnic pattern,
commonly observed elsewhere in the current study, does not occur in the profile. Potentially, the
distribution of redoximorphic features is more influenced in this case by the variation in texture
between the three units. The lithological discontinuity occurred as a sharp boundary (Figure 7.39a)
between the coarser fine loamy sand and very coarse sand identified in Units I and II respectively,
and the finer underlying clay of Unit III. Very coarse sand was infrequently observed in the current
study and it is clearly a separate stratigraphic unit to the underlying clay. Faint traces of lamina
bedforms were also preserved as redoximorphic features (Figure 7.39b).
Tables 7.24 and 7.25 show micromorphological descriptions of thin sections sampled and prepared
from 40 cm and 90 cm depths respectively, correlating with Units II and III in Figure 7.37. The
distribution of coarse and fine fractions were described as close-fine enaulic and single-spaced fine
enaulic for the 40 cm and 90 cm samples respectively, illustrated in plane-polarised light in Figures
7.40a and 7.40c. Mineralogical differentiation between the two samples was low, the coarse fraction
of each being composed of quartz and demonstrated in cross-polarised views of the previous images
in Figures 7.40b and 7.40d. Sand clasts in Unit II were observed to be rounded, a feature not
observed at any other site in the current study and shown in Figure 7.40a. Smooth-edged nodules
were also observed that did not incorporate the surrounding coarse fraction, another feature unique
to the current study. Figure 7.40f shows a nodule with a different coarse/fine distribution to the
surrounding material. It is likely that the nodule formed elsewhere and was transported to its sampled
location and is therefore primary evidence for upstream erosion.
Table 7.24: Micromorphological description of trench TR-1000, 40 cm depth, Phoum Veal.
Profile: TR-1000; Depth: 40 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
1A horizon
Microstructure simple packing voids.
Groundmass c/f500µm ratio: 1/1; c/f-related distribution pattern: close fine enaulic.
Coarse Material
Mineral subangular and subrounded grains of quartz (c.s., 99% of the coarse
fraction); subangular rock fragments (c.s. 1 % of the coarse fraction);
subangular grains of quartz (f.s., 100% of the fine fraction)
Pedofeatures strongly impregnated anorthic typic nodules, brown iron oxides (2 mm
diameter, 2% of groundmass)
Table 7.25: Micromorphological description of trench TR-1000, 90 cm depth, Phoum Veal.
Profile: TR-1000; Depth: 90 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
2Bb horizon
Continued on next page . . .
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Table 7.25 . . . continued from previous page
Profile: TR-1000;
Vertical thin sections
Microstructure complex packing voids; smooth vughs (10 mm diameter, 5% of total
area).
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures laminated crescent internal clay coatings in some vesicles; moderately
impregnated orthic typic nodules, brown iron oxides (5% of groundmass)
Trench TR-2000
A photomosaic, schematic and field description of Trench TR-2000 is presented in Figure 7.38. The
profile was classified as Ferralic Arenosol (Ferric) and was notable for its consistently sandy tex-
ture throughout the profile. Yellowish redoximorphic features were only faintly present in Unit II
(Figure 7.41a) but were distinct in Unit III (Figure 7.41b) forming a stagnic pattern. The textural
sequence was relatively uniform, Unit I was described as fine loamy sand, Unit II as fine sand and
Unit III as fine sandy loam.
Tables 7.26 and 7.27 show micromorphological descriptions of thin sections sampled and prepared
from 60 cm and 130 cm depths respectively, correlating with Units II and III in Figure 7.38. The
distribution of coarse and fine fractions were described as double-spaced fine enaulic and single-
spaced fine enaulic for the 60 cm and 130 cm samples respectively, illustrated in plane-polarised
light in Figures 7.42a and 7.42c. Mineralogical differentiation between the two samples was low, the
coarse fraction of each being composed of quartz and demonstrated in cross-polarised views of the
previous images in Figures 7.42b and 7.42d.
Table 7.26: Micromorphological description of trench TR-2000, 60 cm depth, Phoum Veal.
Profile: TR-2000; Depth: 60 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
A horizon
Microstructure simple packing voids.
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (1 mm di-
ameter, <1% of groundmass)
Table 7.27: Micromorphological description of trench TR-2000, 130 cm depth, Phoum Veal.
Profile: TR-2000; Depth: 130 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Bg horizon
Continued on next page . . .
214
7. PEDOLOGICAL ANALYSIS OF CHANNEL FIELD SECTIONS
Table 7.27 . . . continued from previous page
Profile: TR-2000;
Vertical thin sections
Microstructure complex packing voids; smooth vughs (10 mm diameter, 10% of total
area).
Groundmass c/f200µm ratio: 1/2; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures weakly impregnated orthic typic nodules, yellow iron oxides (5% of
groundmass)
7.5.2 Phoum Thnol
Two 2 × 1 m geological test trenches were excavated at Phoum Thnol. The channel-trench TR-1000
was located immediately north of a discontinuous low and linear mound, centered at grid x-coordinate
1113. Corresponding borehole sample AUG-1113 was observed to include stratified units of sands and
silty materials. Control-trench TR-2000 was located at grid x-coordinate 1000, south of a low linear
mound at the terminus of the borehole transect.
Trench TR-1000
Figure 7.43 presents a photomosaic, annotated schematic and field description of Trench TR-1000,
classified as Acric Planosol (Arenic, Clayic, Ferric, Ruptic). The channel-trench included a thick
sand unit, a thick (sandy) clay unit, residual accumulations of sequioxides and clear lithological
discontinuities. Accumulations of sesquioxides occurred variously throughout the profile but were
particularly prominent and red in Unit VIII, which also exhibited a gleyic Munsell hue of 2.5Y
suggesting periodic reducing conditions. The most striking characteristic of the profile was the
variability of texture. Unit I and II were described as fine sandy clay loam and fine sandy clay
respectively. The texture abruptly changes down-profile to moderately sorted medium sand in Unit
III, to medium loamy sand and coarse loamy sand in Units IV and V respectively, Unit IV showing
evidence of lamellae preserved as faint redoximorphic features. Unit VI was described as silty clay
loam, an uncommon texture on the Angkor Plain. Unit VII was described as fine loamy sand and
immediately overlay Unit VIII, composed of hard clay.
Tables 7.28, 7.29 and 7.30 show micromorphological descriptions of thin sections sampled and
prepared from 90 cm, 120 cm and 135 cm depths respectively, correlating with Units III/IV, V/VI,
and VI/VII in Figure 7.43. The distribution of coarse and fine fractions for Units V and VI were
described as coarse-monic and fine-monic respectively, illustrated in plane-polarised light in Figures
7.46a and 7.46c respectively. Mineralogical differentiation between the two samples was low, the
coarse fraction of each being composed of quartz and demonstrated in cross-polarised views of the
previous images in Figures 7.46b and 7.46d. The interface between units VI and VII are shown in
Figure 7.46f. A fining-upwards sequence can be clearly seen in the upper portion of the underlying
Unit VII, which gives way to coarser materials in Unit VI. The interface between units V and VI are
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7.5. THE SOUTHERN DISTRIBUTOR ZONE
5 cm
(a) Sharp boundary between Units II and
III.
5 cm
(b) Lamina bedforms preserved as redoxi-
morphic features.
Figure 7.39: Stratigraphic features observed in trench TR-1000, Phoum Veal.
1 mm
(a) Close-fine enaulic coarse/fine distribu-
tion, Unit II (plane-polarised light).
1 mm
(b) Close-fine enaulic coarse/fine distribu-
tion, Unit II (cross-polarised light).
1 mm
(c) Single-spaced fine enaulic coarse/fine
distribution, Unit III (plane-polarised
light).
1 mm
(d) Single-spaced fine enaulic coarse/fine
distribution, Unit III (cross-polarised light).
1 mm
(e) Rounded coarse sand, Unit II (plane-
polarised light)
1 mm
(f) Smooth-edged orthic nodule, Unit II
(plane-polarised light).
Figure 7.40: Micromorphological features observed in trench TR-1000, Phoum Veal.
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5 cm
(a) Faint yellowish redoximorphic feature,
Unit II.
5 cm
(b) Distinct yellowish redoximorphic fea-
ture, Unit III.
Figure 7.41: Pedological features observed in profile TR-2000, Phoum Veal.
1 mm
(a) Double-spaced fine enaulic coarse/fine
distribution at 60 cm depth (plane-
polarised light).
1 mm
(b) Double-spaced fine enaulic coarse/fine
distribution at 60 cm depth (cross-
polarised light).
1 mm
(c) Double-spaced fine enaulic coarse/fine
distribution at 130 cm depth (plane-
polarised light).
1 mm
(d) Double-spaced fine enaulic coarse/fine
distribution at 130 cm depth (plane-
polarised light).
Figure 7.42: Micromorphological features observed in trench TR-2000, Phoum Veal.
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shown in Figure 7.46e. A slight coarsening-upwards sequence can be seen in the upper portion of
Unit VI, which gives way to much coarser materials in the overlaying Unit V.
Table 7.28: Micromorphological description of trench TR-1000, 90 cm depth, Phoum Thnol.
Profile: TR-1000; Depth: 90 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
2Aob horizon
Microstructure simple packing voids.
Groundmass c/f300µm ratio: 1/2; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (0.5 mm
diameter, <1% of groundmass)
2Aob horizon
Microstructure simple packing voids.
Groundmass c/f200µm ratio: 1/3; c/f-related distribution pattern: close fine enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (0.5 mm
diameter, <1% of groundmass)
Table 7.29: Micromorphological description of trench TR-1000, 120 cm depth, Phoum Thnol.
Profile: TR-1000; Depth: 120 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
2Ab horizon
Microstructure simple packing voids.
Groundmass c/f300µm ratio: 1/1; c/f-related distribution pattern: coarse monic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (0.5 mm
diameter, <1% of groundmass)
2Aob horizon
Microstructure simple packing voids.
Groundmass c/f10µm ratio: 10/1; c/f-related distribution pattern: fine monic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (0.5 mm
diameter, <1% of groundmass); weakly impregnated orthic typic nodules,
yellow iron oxides (5% of groundmass)
Table 7.30: Micromorphological description of trench TR-1000, 135 cm depth, Phoum Thnol.
Profile: TR-1000; Depth: 135 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
2Aob horizon
Microstructure simple packing voids.
Groundmass c/f10µm ratio: 10/1; c/f-related distribution pattern: fine monic.
Coarse Material
Mineral subangular and angular grains of quartz
2Aob horizon
Continued on next page . . .
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Table 7.30 . . . continued from previous page
Profile: TR-1000;
Vertical thin sections
Microstructure simple packing voids.
Groundmass c/f200µm ratio: 1/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (2 mm di-
ameter, 1% of groundmass); weakly impregnated orthic typic nodules,
yellow iron oxides (20% of groundmass)
Trench TR-2000
A photomosaic, schematic and field description of Trench TR-2000 is presented in Figure 7.44. The
profile was classified as Stagnic Acrisol (Arenic, Ferric). The control-trench exhibited accumulations
of residual sesquioxides were distributed throughout the profile in a stagnic pattern, with ferric
horizons identified as Units III, IV and V. The upper Units I and II were described as sand, while
Units III, IV and V were described as fine sandy clay loam, fine sandy clay and clay respectively.
Tables 7.31 and 7.32 show micromorphological descriptions of thin sections sampled and prepared
from 40 cm and 110 cm depths respectively, correlating with Units II and V in Figure 7.44. The
distribution of coarse and fine fractions were described as single-spaced fine enaulic and double-
spaced fine enaulic respectively, illustrated in plane-polarised light in Figures 7.48a and 7.48c for
the 40 cm and 110 cm samples. Mineralogical differentiation between the two samples was low,
the coarse fraction of each being composed of quartz and demonstrated in cross-polarised views of
the previous images in Figures 7.48b and 7.48d. Fine-particle translocation was evidenced by the
presence of clay coatings at the base of some vughs, illustrated in Figure 7.48e. The predominantly
obsevered pedofeature were orthic nodules, which were formed in-site due to a gradational boundary
with the surrounding matrix, an example in Figure 7.48f.
Table 7.31: Micromorphological description of trench TR-2000, 40 cm depth, Phoum Thnol.
Profile: TR-2000; Depth: 40 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Microstructure complex packing voids; smooth-walled vughs (2 mm diameter, 2% of
total area).
Groundmass c/f200µm ratio: 2/1; c/f-related distribution pattern: single-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures moderately impregnated orthic typic nodules, brown iron oxides (10-20
mm diameter, 10% of groundmass)
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Table 7.32: Micromorphological description of trench TR-2000, 110 cm depth, Phoum Thnol.
Profile: TR-2000; Depth: 110 cm
Vertical orientation; 50 x 75 mm dimensions; 30 µm thickness
Microstructure complex packing voids; smooth-walled vughs (2 mm diameter, <1% of
total area).
Groundmass c/f100µm ratio: 1/4; c/f-related distribution pattern: double-spaced fine
enaulic.
Coarse Material
Mineral subangular and angular grains of quartz
Micromass yellowish-brown, undifferentiated clay b-fabric
Pedofeatures strongly impregnated orthic typic nodules, brown iron oxides (10-20 mm
diameter, 10% of groundmass)
7.5.3 Kok Russey
Saturation of the immediate subsurface materials prevented the excavation of geological test trenches
at Kok Russey and will not be considered further.
7.6 Discussion
7.6.1 The Trans-Puok Collector Zone
At Peak Sneng Thmei the field sections within the open-depression and a control location con-
firmed but did not substantially add to the interpretation derived from the borehole survey. Both
profiles were remarkably similar in overall visual morphology, with the control-trench exhibiting more
pronounced development of redoximorphic features, particularly at depth where red nodules were
observed. The lesser expression of redoximorphic features within the open-depression may be due to
a greater frequency of reducing conditions preferentially forming goethites. The effect could on one
hand be evidence of Angkorian channel flow, but may also be due simply to ponding in the monsoon
season. Textural differences between the two exposed profiles observed in the field were minimal.
Notably, the upper clay unit observed in borehole AUG-1107 was not repeated in channel-trench TR-
2000, although the trench was located 7 m to the north, indicating that the finer materials within
the open-depression are restricted to the lowest levels and are likely a result of ponding rather than
channel flow. Active vertical translocation of coarse particles was clearly evidenced by the presence
of large voids in both profiles. The origin of the larger voids are almost certainly by burrowing
crabs, an individual being observed directly in similarly-shaped and sized voids at site Phoum Thnol
(see Section 5.10). The finer fraction is also shown to be moving independently through the pro-
file as demonstrated by the presence of clay pore-linings. Potentially those translocation processes
have overprinted much of the original stratigraphy, although a thin discontinuous horizontal stratum
observed in the upper profile of the control-trench would suggest otherwise.
The excavated trenches at Peak Sneng Cha contrasted markedly. The control profile exhibited
an upper profile composed of sand and loams and a lower profile composed of clay. The coarser
upper materials are interpreted to have derived from recent deposition of locally eroded materials,
due to its position within an incised drainage gully. Infilled channels and clay-lined pores within
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10 cm
(a) Stratigraphic interfaces at lower profile.
5 cm
(b) Live crab at basal interface.
Figure 7.45: Pedological features observed in trench TR-1000, Phoum Thnol.
1 mm
(a) Coarse monic coarse/fine distribution,
Unit V (plane-polarised light).
1 mm
(b) Coarse monic coarse/fine distribution,
Unit V (cross-polarised light).
1 mm
(c) Fine monic coarse/fine distribution,
Unit VI (plane-polarised light).
1 mm
(d) Fine monic coarse/fine distribution,
Unit VI (cross-polarised light).
1 mm
(e) Coarsening-upwards stratigraphic in-
terface between Units V and VI.
1 mm
(f) Fining-upwards stratigraphic interface
between Units VI and VII.
Figure 7.46: Micromorphological features observed in trench TR-1000, Phoum Thnol.
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1 cm
(a) Distinct brown redoximorphic feature
formed within Unit II.
1 cm
(b) Prominent red redoximorphic feature
formed within Unit V.
Figure 7.47: Pedological features observed in profile TR-2000, Phoum Thnol.
1 mm
(a) Single-spaced fine enaulic coarse/fine
distribution at 40 cm depth (plane-
polarised light).
1 mm
(b) Single-spaced fine enaulic coarse/fine
distribution at 40 cm depth (cross-
polarised light).
1 mm
(c) Double-spaced fine enaulic coarse/fine
distribution at 110 cm depth (plane-
polarised light).
1 mm
(d) Double-spaced fine enaulic coarse/fine
distribution at 110 cm depth (cross-
polarised light).
400 µm
(e) Clay coating, Unit II.
1 mm
(f) Orthic nodule, Unit III.
Figure 7.48: Micromorphological features observed in trench TR-2000 at Phoum Thnol.
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the control-trench indicated active pedological particle translocation. Of particular interest was the
occurence of frequent, dark and prominent redoximorphic features observed in the clay materials
of the lower profile, which are likely a result of the location within an incised drainage gully. The
prominent redoximorphic nodules observed in the profile of the modern ephemeral channel might
be applied as a diagnostic analogue to identify of the base of ephemeral Angkorian channels. In
section the channel profile was observed to have a uniform sand profile and was clearly formed under
fluvial conditions on account of the relatively well sorted sands. Sedimentary structures such as
bedding planes or ripple marks were notably absent and may indicate a slow infilling rather than a
fast and flashy infilling events. An incipient development of clay masses was also observed in the
surface unit of the channel profile and were likely formed under ponding conditions, subsequent to
the cessation of surficial flow. Ricefield bunds and duck husbandry infrastructure were observed to
have been constructed within the open depression at Peak Sneng Cha, causing obstruction of flow
and suggesting the ponding effect may be due to modern habitation.
7.6.2 The Cis-Puok Collector Zone
Contrasts between the profiles of the geological test excavations were minimal at Phnom Dei. The
most striking difference was the presence of bedforms within the thin surface unit of the channel-
trench, confirming that water has periodically flowed over its surface in the very recent past. Oth-
erwise the textural profiles of each trench are very similar, the channel-trench seemingly somewhat
finer. The character of redoximorphic features between the two trenches were also notably differ-
ent, although each exhibited a stagnic pattern. Redoximorphic features in the control trench were
observed to have a more reddish-hue than the predominantly yellowish features observed within the
channel trench. The contrast might again be attributed to the wetter environment of the channel
trench, where a more frequent reducing environment preferentially favours the formation of goethites.
The two profiles of the geological test excavations recorded at Kok Kooul were markedly similar,
including both the frequency and character of redoximorphic features, for example. The occurence of
a coarser basal unit in the channel-trench was confirmed by analysis of texture-boluses in the field. It
is emphasised however that there was no visually discernable characteristics supporting the textural
contrast as a fluvial deposit, such as sedimentological structures for example. Micromorphological
comparison between the two profiles further showed the materials to be very similar in physical
characteristics.
At Trapeang Svay the presence of fluvial sand was best observed in the geological test excava-
tions, where the tabular nature of the thin pinkish sand could be confirmed; the thin unit may simply
have been the result of a localised void intersected by a borehole sample and interpreted stratigraph-
ically, for example. Field observation of the channel section also noted that the clay immediately
overlying the sand unit did not have an appreciable sand content, supporting the assertion made
from the particle-size analysis that the channel sediments are finer than the floodplain materials.
The sections of geological test excavations located within and also to the south of the archaeo-
logical lineament at Phoum Pluong contrasted markedly. The upper profile of the trench excavated
to the south was composed of sandy loam and sand not exceeding 1.2 m depth, whereas the trench
excavated within the open-depression exhibited a profile composed entirely of clay. The surface
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units from within the open-depression may have been stripped away because of either water flow
or anthropogenic efforts. However, the sandy materials observed in the upper profile to the south
confirm observations in the borehole survey and that the south had experienced surficial deposition
since construction of the high linear mound. Below the sandy unit, the two profiles were otherwise
very similar in character. The colour and pattern of redoximorphic features, for example, although
potentially the channel-trench showed more evidence of surface ponding due to the presence of redox
depletions in the upper profile.
7.6.3 The Southern Distributor Zone
Geological test excavations at Phoum Veal were somewhat incomplete as excavation could not be
conducted within the open-depression due to the saturated subsurface. Instead excavation was
undertaken on a wide terrace-like bench, flanking the open depression to the immediate west. The
profile observed on the terrace-like bench exhibited coarse sands that included faint angled lamina
structures preserved as redoximorphic features. The features are likely to have formed along the
interfaces of fluvial bedforms (John R L Allen 1963) and support the case that the sands are fluvial.
The case is further supported by micromorphological evidence that showed the coarse sand clasts
to be rounded. Nodules observed in thin-section were also found to have been originally formed
elsewhere, which not only supports that the sediments are fluvial, but also that the sediments derive
from the upstream erosion of soil material.
Geological test excavations at Phoum Thnol confirmed the observations in the boreholes and
provide additional detail regarding the complexity of the channel stratigraphy. The trench excavated
to the south of the archaeological lineament clearly shows a textural contrast with basal clay and
overlying lighter textures. The distribution of redoximorphic features described in section appear to
correlate somewhat with the lighter textures and highlight that the materials are likely stratic and
therefore not pedogenically homogenised. In support of that assertion it is notable that vughs, likely
formed by soil fauna, were identified in the basal clay materials but not in the overlying materials. The
trench excavated immediately north of the low linear mound confirms the complexity of stratigraphy
observed in teh associated borehole. Immediately above the basal clay was a sequence of initially fine
materials followed by an abrupt coarsening, followed again by fining to the current ground surface.
That the basal materials are fluvial is confirmed by the gradual fining-upwards sequence observed
micromorphologically at the upper interface with the overlying coarser sands. It is inferred here that
the fine materials therefore in fact constitute the bedload of the operational Angkorian channel and
that the overlying sands were subsequently introduced due to excessive flow velocities.
7.7 Conclusion
This chapter has documented pairs of section exposed by hand excavation at channel and non-
channel locations for each study site. The location of the sections was informed by the stratigraphic
analysis of Chapter 6 and the topographic analysis of Chapter 5, in order to situate one section at
the most probable centre of a channel. The paired comparative section was predominantly located
at one end of the study transect established at each site. The results demonstrated that pedological
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processes do not overprint the stratigraphy of Angkorian channel sediments. In particular, the sites
Trapeang Svay and Phoum Thnol exhibited sharp boundaries between units of very contrasting
sediments, and despite observations of active processes of pedoturbation, such as crab burrows, the
original stratigraphy remained almost completely in-tact. It is therefore concluded that the particle-
size distributions documented in Chapter 6 are representative of the original sediment deposits.
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Chapter 8
A Stratigraphic Record of Angkor’s
Demise
During the 1950s Bernard Phillipe Groslier hypothesised that a channel system built by the Angko-
rians was utilised as a source of irrigation for the production of an agricultural surplus (Bernard
Philippe. Groslier 1979). He further proposed that some “failure” of the channel system was causal
to the demographic collapse of the city. Groslier was unable to make much progress on his ideas
before having to flee the Khmer Rouge who took power during the 1970s. In the absence of an
academic presence on the ground at Angkor criticisms concerning even the existence of a channel
network appeared in the literature (Bronson 1978; Liere 1980; Moore 1989), and therefore threw
into question the evidential basis of Groslier’s hypothesis. On re-establishment of the EFEO at Siem
Reap in 1992, Christophe. Pottier (1999) began work systematically documenting archaeological
features spread over the landscape surround the central temple complex to the south, D. Evans
(2007) continuing the work to the north. The resulting map demonstrated the existence of vast
linear mounds linking the central baray to Phnom Kulen in the north, and to the Tonle´ Sap in the
south. At least some of the linear mounds were associated with an adjacent channel; which continue
to route substantive volumes of water. Potentially, a channel was associated with each mapped
linear mound, although that remains to be demonstrated. Nevertheless, the work of Christophe.
Pottier (1999) and D. Evans (2007) validated the basis of Groslier’s arguments by demonstrating
that a channel network existed and linked the central baray with the wider agricultural lands. What
remained to be answered in regards to Groslier’s hypothesis was 1) whether the channel system was
utilised for rice irrigation and to what degree did it support the Angkorian population, and 2) did
the channel system fail? The work presented in the preceding chapters contributes substantially to
the latter question through documentation of the sediments filling the former Angkorian channels.
8.1 The Recharges and Discharges of the Water Management Sys-
tem
Kummu (2003, 2009) divided the Angkorian landscape into three zones of specific hydrological
function. They included a “collector zone” in the north where water flow was sourced from naturally
230
8. A STRATIGRAPHIC RECORD OF ANGKOR’S DEMISE
occurring streams into the canal system and distributed towards the south; an “aggregator and
holding zone” where water was stored in either vast reservoir or utilised aesthetically in the moats of
temples in the central Angkor region; and a “southern distributor zone” where water was distributed
away from the holding zone and ultimately to the Tonle´ Sap. The stratigraphic record described in
this study was designed to capture the recharges and discharges of the system. The “collector” and
“distributor” zones therefore provide the explanatory framework on which to interpret the relationship
between the stratigraphies.
8.1.1 The Trans-Puok Collector Zone
The Trans-Puok Collector Zone includes the area of Kummu’s (2003; 2009) Northern Collector Zone
inclusive of the area inclusive of subcatchments intersecting and immediately east of the course of
the northern reach of the Great North Channel, and north of the Puok River. In the Trans-Puok
Collector Zone the Great North Channel indisputably existed as a canal given that its cross-sectional
topographic profile showed a clear linear surface depression east of a high linear mound, which still
flows to some extent during the monsoon season, distributing water to the south.
At Peak Sneng Cha the Great North Channel was found to be filled with sands up to the present
ground surface, confirming that past water flows had indeed occurred and were preserved as a
sediment record. The profile exhibited a fining-upwards trend, suggesting that discharge became
reduced over time, and the absence of sedimentary structures indicated that the infill was likely to
have been continuous rather than by punctuated events. However, analysis of micromorphological
thin-sections did find evidence of post-depositional translocation of matrix materials, and it cannot
be readily discounted that previously existing sedimentary structures had been destroyed through
this process. Bioturbation processes tend to be predominantly more active at the regolith surface
and so rapid burial is more likely to preserve sedimentary structures occurring at depth (Paton et al.
1995). Alternatively, sedimentary structures may not have formed in the first place if deposition
was a largely continuous and therefore singular event (e.g. none or very short-lived periods of non-
deposition). The latter case is more plausible given that the surface unit of channel sediments had a
high content of clay, caused by ponding subsequent to the cessation of flow. Had the channel been
filled over many seasons it would be expected that at least some evidence of clay accumulation would
occur in the sediment profile even if when subjected to bioturbation, either visually or certainly in
the results of particle-size analysis.
The area to the west of the Great North Channel was excluded from the Trans-Puok Collector
Zone because the two potential tributary lineaments mapped there were interpreted as modern, or
at least post-Angkorian constructions. The mounds associated with those features were narrow and
were included at the upslope boundary of their associated channel, a morphology not otherwise
observed at Angkorian canals. Furthermore, the very high mound of the Great North Channel would
have acted to block any flow with those potential tributaries; cuts existing through the high mound
do not appear to be channelised by water and no breaches were observed at the junctions with
the right-bank tributaries excepting for modern concrete constructions piping water through. It is
reasonable therefore to conclude that the northern reach of the Great North Channel did not include
any right-bank tributaries during the Angkor Period that either concentrated water towards it as
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recharge, or away from it as irrigation water.
The left-bank tributaries of the Great North Channel were more convincing as Angkorian channels.
The topographical cross-section of the Far-Northeastern Lineament was clearly channel-shaped and
a south-flowing stream (a source of recharge) existed at the upslope terminus of the linear mound.
The same source of recharge is also likely to have supplied the other left-bank tributaries of the
Great North Channel further to the south, each of which exhibited surface or subsurface evidence of
channel morphology and topographic evidence that they sloped towards the Great North Channel.
In that regard there is no evidence arising from this study that would suggest those tributaries acted
as distributors for an irrigation system, although it is conceded that the lengths of those lineaments
were not examined extensively for the presence of breaches. On the other hand, the topographic
configuration of the Great North Channel within the Trans-Puok Collector Zone is such that there
was no embankment on the western side of its channel to prevent overbank flow to any degree. If the
channel could be forced to break its left-bank then simple breaches of a bund system in fields to the
east may have allowed substantial distribution of water. Indeed the area is today very agriculturally
productive and may benefit from that exact procedure. Indeed, the magnitude of the Great North
Channel’s embankment could be explained as a means of facilitating overbank flow by hydrological
activation of the left-bank tributaries. The proposal certainly warrants further investigation of the
northern reach of the Great North Channels left-bank for evidence of irrigation.
The Far-Northeastern Lineament was found at Peak Sneng Thmei to include a thin depositional
unit composed of fine materials within an open-depression to its north, but were not visually dissimilar
to the basement materials. The sediments may have been deposited under low-velocity channel flow
during its operation in the Angkor Period, although it is also possible that they accumulated by
ponding processes after the abandonment of the system. The absence of a sand bedload supports
that that the confluence of the Far-Northeastern Lineament with its hydrological source was an
overflow system whereby recharge of the lineament was only affected during high water levels in the
source; otherwise complete capture of the source’s flow would also have captured its sandy bedload.
The Trans-Puok Collector Zone was a “collector” system in the strict sense of Kummu (2003,
2009) where a series of left-bank tributaries captured water from a south-flowing stream, recharging
the Great North Channel which debouched into the Puok River to the south. Potentially the capture-
systems could be controlled to concentrate flow along each tributary in turn, causing a flood pulse
and overbank flow at their confluence with the Great North Channel. The overbank flow could
then have been distributed through a bund system to irrigate fields flaking the east of the Great
North Channel. Collection of water from or distribution of water to the west of the Great North
Channel was not possible because of the prevailing slope and the obstruction of the linear mound of
the Great North Channel. The flow velocity of northern reach of the Great North Channel became
gradually, over potentially a single season, and filled with sand until the rate of recharge equilibrated
with the permeability of the infilling sands. The ephemeral channel flow observed today has caused
the clay accumulation at the surface outside of the monsoon season. Whatever the potential for
Angkorian irrigation the Trans-Puok Collector Zone was primarily a mechanism for collecting flow
from drainages of the Phnom Kulen and directing it along a single flow pathway ndebouching into
the Puok River for distribution to the south.
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8.1.2 The Cis-Puok Collector Zone
The Cis-Puok Collector Zone includes the area of Kummu’s (2003; 2009) Northern Collector Zone
inclusive of the area south of the Puok River, east of the southern reach of the Great North Channel,
and west of the Siem Reap River. Because the Siem Reap River is known to be an Angkorian
diversion of the Puok River, the Cis-Puok Collector Zone as defined here is a post-diversion concept
where previously it would have been bounded to the east by the prevailing subcatchment boundaries.
The southern reach of the Great North Channel was equivalent to its northern reach having
at Phnom Dei a substantial linear surface depression immediately east of a high linear mound,
which flows ephemerally during the monsoon season. On that basis alone the southern reach is
also indisputably a former Angkorian channel. The major morphological difference with the northern
reach is that a smaller parallel channel, existed to the west of the high linear mound. Both channels
would have received recharge from the Puok River during higher water levels because their northern
termini were observed to be directly exposed to overbank flow. Channel sediments were recorded
only in the eastern channel at Phnom Dei and included a unit of coarsening-upwards sand overlaid
by a unit of fining-upwards silts. The abrupt change in sedimentation represents a correspondingly
abrupt reduction of discharge, and given that the Great North Channel was recharged by the Puok
River, an equivalent reduction of discharge must have occurred there. No substantial sediment
record was observed in the western channel of the Great North Channel beyond organic rich silts
that are likely to have accumulated by ephemeral ponding outside of the monsoon season.
The primary difference of channel configuration in the Cis-Puok Collector Zone was that a second
major north-south bearing lineament existed to potentially route water, south towards the Aggregator
and Holding Zone. The Lesser North Lineament, paralleled the Great North Channel to the west.
However, only a very shallow surface depression occurred at the eastern side of its low linear mound
at Kok Kooul, and showed no evidence of subsurface channel morphology in GPR imagery. There
was neither any clear evidence of an accumulation of channel sediments by visual examination or in
particle-size analysis. The potential channel is therefore rejected as an Angkorian canal given that
the very shallow open-depression would have minimal capacity to route water. During saturated
conditions the open-depression would simply have ponded water in the same manner as occurs in
the ditches of modern roads.
Immediately south of the Puok River and east of the Great North Channel was a configuration
of mound and channel structures with no evidence of subsurface channel morphology observed in
GPR imagery. The channel morphology was unusual in that mounds could be observed on either
side of an open depression and the depression did not appear to be lower than ground outside of
the mounds. From that it can be deduced that only insubstantial flows could have been distributed
through these channels; given their close association with a concentration of trapeang it could be
speculated that there was some intentional function for localised irrigation or domestic uses.
From its planview configuration the Eastern Lineament appears a priori to distribute water from
the intersecting Great North Channel towards lands to the east on the basis that a substantial dis-
charge would have routed through the Great North Channel and would have distributed along the
Eastern Lineament during high flows. Topographic analysis has shown that the slope along the linea-
ment is in fact from east to west and therefore could have distributed water sourced from the Great
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North Channel, and could only otherwise be supplied by the Siem Reap River. At Trapeang Svay
despite the lack of a surface depression on either side of the Eastern Lineaments low linear mound,
a subsurface channel structure was evident in GPR imagery, confirming that the lineament was a
former channel. The corresponding sediment profile confirmed the presence of a subsurface channel
by revealing a thin unit of sand, overlaid by silts initially fining-upwards but gradually changing to a
coarsening-upwards trend. The abrupt change from sand to silts represents a correspondingly abrupt
hydrological reduction of discharge.
South of the Eastern Lineament the Jayatataka Dogleg was another major east-west bearing
lineament intersecting the Great North Channel, albeit with an unusual dog-leg configuration. The
topographic gradient was similarly shown to slope from east to west in contrast to expectation
indicating that the Great North Channel could not have recharged the lineament. A broad open-
depression was evident immediately north of a high linear mound at Phoum Pluong which could have
routed a substantial discharge and indeed GPR imagery did not detect further subsurface morphology.
Direct observation of the channel profile did not detect an accumulation of channel sediments. The
lack of sediments is consistent with the source of recharge coming from the Jayatataka, which would
have acted as a settling pond.
The Cis-Puok Collector Zone was also a “collector” system in the strict sense of Kummu (2003,
2009) given that the Angkorian canals within the zone routed water towards the Great North Channel.
However, the hydrological history of the southern reach of the Great North Channel diverges from
its northern reach in that an abrupt reduction of flow velocity occurred, rather than gradual. The
configuration of the system also differed from the Trans-Puok Collector Zone because the Siem Reap
River provided a secondary route for water being distributed to the south.
8.1.3 The Southern Distributor Zone
The configuration of the Southern Distributor Zone was largely unchanged from Kummu (2003,
2009) beyond clipping the western boundary to the prevailing subcatchments and the eastern bound-
ary to the course of the Siem Reap River. However, the diversion of the river would mean that the
eastern boundary of the Southern Distributor Zone would have extended to the prevailing subcatch-
ment boundaries before that event.
The Angkor Wat Canal was oriented perpendicular to the topographic contours and was already
known to include sands within its channel profile. Water would most certainly have been directed
southwards after emerging from the Aggregator and Holding Zone. The surface expression of the
canal could be traced intermittently through Siem Reap Town as a saturated open-depression. Where
dry, GPR imagery was able to resolve some subsurface channel morphology. At Phoum Veal, the
within-channel topographic profile had been substantially altered by sand mining but oddly the
ground surface to the east was observed to be raised upto 0.4 m higher than the west, and with
the raised portion being composed of coarser materials. Within the channel sands of fluvial origin
were confirmed visually but also by the presence of bedforms observed in section, and well-rounded
clasts observed in micromorphological thin-sections. The bedload sands were the coarsest observed
in the study suggesting that the canal routed greater discharges than other Angkorian channels; this
also suggested that the Great North Channel could not have been the only source of recharge to
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the Angkor Wat Canal or comparably sized clasts would be present there. Pedogenic nodules were
also observed in the channel sediments that had been transported from upstream indicating that
upstream soil profiles had undergone erosion.
The Southeast Canal had previously been assumed to flow towards the southeast and the Tonle´
Sap. Topographic analysis has showed that the northwestern reach slopes slightly to the northwest
and it is therefore more likely that the channel is in fact functionally bisected by the Angkor Wat
Canal and should be considered two separate distributaries. Nevertheless the Southeast Canal is
one of the most promising candidates for a distributive irrigation canal that could have supplied a
broad area of the southwest of the Angkor Plain. At Phoum Thnol the channel was found to have
been buried under at least 1.1 m of sediments since its construction, which had also spilled over
the adjacent landscape. The inferred base of the mound was found to be at a level comparable
to the basal interface of fluvial sediments that had accumulated on its northern side. The status
of the channel can therefore be debated as its depth would not have exceeded 0.4 m immediately
after its construction. It could be argued that the channel was simply a drainage of overland flow
that had accumulated on the northern side the mound. On the other hand, the preserved sediments
were demonstrated as fluvial by micromorphological analysis and was evidently competent enough
to transport a bedload. However, it is interpreted here that the lowest fluvial unit composed of
silts and fine sand was the operational bedload for the Southeast Canal, and that the subsequent
deposits of sands were introduced by extraneous channel flow.
The Southwest Canal was oriented perpendicular to the topographic contour lines and would
certainly route water southwest in the presence of a channel. A definitive surface depression could
not be identified at Kok Russey beyond a contemporary meandering and ephemeral thalweg observed
immediately west of a low mound. The mound itself was not a continuous lineament but instead
a of irregularlly shaped mounds clustered in a lineation. Nevertheless, GPR imagery clearly showed
a very broad subsurface channel morphology and subsequent borehole analysis demonstrated the
presence of fluvial sands; although the lateral boundary of the sand deposit was not identified even
over a 300 m transect. The stratigraphic sequence at the location of the contemporary thalweg
showed a unit of clay overlying the sand, demonstrating that an abrupt and substantial reduction of
discharge occurred along the Southwest Canal. The sands were found to overlay a buried mound
beneath the current surface expression and may therefore explain the irregular cluster of mounds as
continual mound-building over time as the channel filled.
The hydraulic relationship between the three Angkorian channels investigated within the Southern
Distributor Zone can largely be inferred from the analysis of landscape slope. The Angkor Wat
Canal clearly flows southsouthwest across the regional contours, but west of its course and along
the bearing of the Southeast Canal, water would have been routed towards the northwest, against
intuitive expectation. The Angkor Wat Canal is therefore the primary source of recharge to the
Southeast Canal. It also follows that the Southeast Canal would have contributed at least some
of the recharge to the Southwest Canal, through the connecting grid of channels to the southwest
of the West Baray. The inferred sequence of flow is also well supported by the measured fining of
particle-size mean distributions along those channels respectively, the fining being a direct result of
distance travelled. However, notwithstanding the specific flow pathways, the defining characteristic
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of Angkorian channels is the clear distribution of sediments to the surrounding landscape. Clearly
there has been a substantial amount of aggradation of the landscape in association with the observed
archaeological lineaments and may be a critical component to the overall story of the Angkorian
water management system.
8.2 Diversion of the Puok River
The discordance of stratigraphies representing the recharges and discharges of the Angkorian water
management system can be explained by a reconsideration of the timing of diversion of the Puok
River, into the Siem Reap. In contrast to the commonly articulated view, it is proposed here that the
diversion of the Puok River occurred late in the Angkorian Period. Conceptual models speculating
on the development of the Angkorian water management system invariably show the diversion to
have occurred relatively early in the Angkorian Period, in association with the construction of the
East Baray (Dumarc¸ay 1998; R. Fletcher, Christophe. Pottier, et al. 2008). The reasoning for the
association is not explicitly stated in the literature but it is likely to have been based on the fact
that the diverted course of the Siem Reap River meets the northern embankment of the East Baray
approximately halfway along its length, aesthetically suggesting that it had once supplied that baray ,
despite the modern river being purposefully routed around the great reservoir. The stratigraphic
evidence presented here indicates that the diversion of the Siem Reap River alternatively took place
in the later Angkorian Period, almost certainly sometime after 1190 CE.
The key evidence refuting the accepted model of an early diversion of the Puok River is contained
in the stratigraphic sequence observed at site Phnom Dei, located within the Cis-Puok Collector Zone.
The site is associated with the southern reach of the Great North Channel which was once recharged
by the Puok River. The simple sequence included a lower profile composed of sand, abruptly giving
way to an upper profile composed of much finer materials. It can be inferred that flow velocity must
initially have been competent enough to entrain the sand bedload, but then was reduced suddenly
and substantially. Because the Angkorian channel is recharged by the Puok River is can be further
inferred that the reduction of flow velocity was the result of an equivalent reduction of flow velocity
in the recharging river. A reduction of flow velocity in the Puok River can be explained most simply
by the engineered diversion of the channel that is known to have occurred upstream of its confluence
with the Great North Channel during the Angkorian Period, forming the Siem Reap River which flows
to this day though the eponymous modern town. It can be inferred that the initial purpose of the
diversion of the Siem Reap was to recharge the last of the great baray , Jayatataka, constructed in
1190 CE. It had previously been thought the the Jayatataka had been supplied by the Great North
Channel R. Fletcher, Christophe. Pottier, et al. (2008), but the analyses of topographic gradients
presented here shows that flow must have been supplied by the Siem Reap River. The diversion
of the Siem Reap River was therefore contemporaneous with the construction of the Jayatataka in
1190 CE.
The reduction of flow velocity observed in the southern reach of the Great North Channel may
alternatively have been caused by external forcing factors such as a drying climate. In such a scenario,
comparable stratigraphic sequences would be expected to have developed system-wide in response
236
8. A STRATIGRAPHIC RECORD OF ANGKOR’S DEMISE
to regional hydrological fluctuation. Buckley et al. (2011) has documented two droughts during
the late 14th and early 15th centuries CE, for example. Indeed a near system-wide stratigraphic
sequence of sands overlaid abruptly by finer materials, was observed in this work at all sites south
of Phnom Dei that included a sediment-filled channel, and could be explained by external climatic
forcing. The singular anomaly to that observation occurred at the northern reach of the Great
North Channel at Peak Sneng Cha, which was filled with sands up to its surface. However, that
channel debouched into the Puok River and would not have been affected by a change of the Puok’s
hydrology, pointing towards the distribution of the Siem Reap River as the more likely cause of the
stratigraphic sequence. However, it remains feasible that the northern reach of the Great North
Channel had simply been constructed later during the Angkorian Period and that the stratigraphic
sequences to the south were deposited beforehand. Indeed, construction of an additional channel to
supplement recharge to the system would be a practical response to the reduced flow along the Puok
River. That supposition is rejected here though, given that the bedload of the northern reach of the
Great North Channel would be erroneously coarser than that of the more competent Puok River. An
upstream diversion of the Puok River is clearly the more acceptable model. What is required now
to support this is a systematic program of dating these sediments such as by optically stimulated
luminescence (OSL), which has successfully been applied to Angkorian channel sediments at Angkor
Borei (D. C. W. Sanderson et al. 2003; D. C. Sanderson et al. 2007).
The late diversion of the Puok River holds profound implications for the final phases of the
Angkorian water management system. Lustig et al. (2008) has shown that the Siem Reap River
incised deeply into the topographic protrusions along its artificial longitudinal profile. A clear conse-
quence of that incision was that distribution of water towards the West Baray would have become
increasingly problematic. For example, the current work has shown that the Eastern Lineament
observed at site Trapeang Svay was an attempt to direct water westwards from the course of the
Siem Reap River, but recharge eventually ceased once the river had incised below the depth of the
canal. Whatever the ultimate intension regarding the diversion of the Puok River, it clearly had
serious consequences for the hydraulic recharge of the Cis-Puok Collector Zone, and possibly also for
the Southern Distributor Zone. That these problems were in fact realised during the later Angkorian
Period and that attempts were made to mitigate the effects are altogether new contributions to this
debate.
Not only was the final phases of the Angkorian water management system coincident with
demonstrated management difficulties in the required distribution of water, it was similarly coincident
with a substantial mobilisation of sediment. Incision of the Siem Reap River into its substrate
exceeded 6 to 8 m along some reaches (Lustig et al. 2008) and substantial quantities of sediments
were released into the hydrological system. Those sediments would have had a determined route
along the course of the Siem Reap River and are concluded here to have been the source of sediments
composing the alluvial fan immediately south of Siem Reap town. It might also follow that the
sediments forming the other two alluvial fans located south of the Indratataka and southwest of the
West Baray were sourced from the same incision event. Instead, based on the potential disassociation
of those fans with the Siem Reap River, it is argued here that the alluvial fans were formed sequentially
in response to the developing water management system; the fan associated with the Indratataka
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developing first, followed by the fan to the southwest of the West Baray, and finally the fan associated
with the Siem Reap River.
The sequential formation of the alluvial fans would suggest that the sediment mobilisation was
not causal to the demographic collapse of Angkor, given that it appears to have occurred over the
duration of its urban history. On the other hand, it could also be argued that major developments of
the city were direct responses to the accumulation of sediments. The move away from Hariharalaya
may have been encouraged by the formation of a sandy alluvial fan south of the Indratataka, reducing
the fertility of the area by the loss of water holding capacity and chemical reactivity of the surficial
soil matrix. The lands around the Southwest Canal similarly became aggraded with sand and may
have prompted the decision to divert the Puok River; alteratively or in addition, the diversion may
have become necessary because of the intersection of the Puok River and the Great North Channel
becoming choked with sediments. Potentially, the reason why further modifications were applied
was that there was simply nowhere else to go.
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Conclusion
The stratigraphic record of the later Angkorian channel network shows that the operation of the
system ceased as a direct result of the diversion of the Puok River. Contrary to the commonly artic-
ulated view Dumarc¸ay (1998), the distributary Siem Reap River must have been diverted sometime
after 1190 CE, the date of construction for the last of the great reservoir, Jayatataka, given that the
reservoir has been shown to have been recharged by the Siem Reap River. That date is during the
reign of Jayavarman VII who is credited with conducting an extensive building program that may
have overextended the empire’s resources. The timing of the diversion is critical as an early model
would suggest that the Angkorian water management system had continued to develop unabated,
despite the occurrence of a substantial hydrological response. The river is known to have incised
deeply into its substrate and released substantial quantities of sediments downstream as evidenced
by the sands engulfing the channels to the south. The consequent effect on the hydrology of the
Angkorian channel network was dramatic. The complex of channels to the north of the central
temple zone of Angkor were found to have experienced an abrupt and substantial reduction of hy-
drological discharge. The observation can be attributed directly to the diversion of the Puok River
as it has been shown to have been the primary source of hydrological recharge to that system. It
has also been shown that channels were subsequently constructed that routed water from the Siem
Reap River back towards the Great North Channel, but as the Siem Reap River became incised the
northern system became cutoff from its supply. It follows that the operation of the West Baray also
ceased during this period, given that the northern channel network can be shown to have been its
primary source of recharge. In contrast but of similar consequence, the channels to the south of
Angkor were buried by the sediments mobilised by the Siem Reap incision. Not only did the channels
become filled with sands, but those sands also spilled out over the adjacent landscape, ending the
functional operation of the southern channel network. If the Angkorian water management system
can be shown to have supported irrigated agriculture then it would almost certainly have been lost
once the Siem Reap River had become entrenched.
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Appendix A
Ground-penetrating Radar
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A. BOREHOLE LOGS
A.1 Peak Sneng Thmei
Figure A.53: Borehole sample AUG-1000, Peak Sneng Thmei..
294
A. GROUND-PENETRATING RADAR
Figure A.54: Borehole sample AUG-1067, Peak Sneng Thmei..
295
A. BOREHOLE LOGS
Figure A.55: Borehole sample AUG-1091, Peak Sneng Thmei..
296
A. GROUND-PENETRATING RADAR
Figure A.56: Borehole sample AUG-1091, Peak Sneng Thmei..
297
A. BOREHOLE LOGS
Figure A.57: Borehole sample AUG-1140, Peak Sneng Thmei..
298
A. GROUND-PENETRATING RADAR
Figure A.58: Borehole sample AUG-1200, Peak Sneng Thmei..
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A. BOREHOLE LOGS
A.2 Borehole Logs Peak Sneng Cha
Figure A.59: Borehole sample AUG-1000, Peak Sneng Cha..
300
A. GROUND-PENETRATING RADAR
Figure A.60: Borehole sample AUG-1063, Peak Sneng Cha..
301
A. BOREHOLE LOGS
Figure A.61: Borehole sample COR-1100, Peak Sneng Cha..
302
A. GROUND-PENETRATING RADAR
Figure A.62: Borehole sample AUG-1136, Peak Sneng Cha..
303
A. BOREHOLE LOGS
Figure A.63: Borehole sample AUG-1164, Peak Sneng Cha..
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A. GROUND-PENETRATING RADAR
Figure A.64: Borehole sample AUG-1200, Peak Sneng Cha..
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A. BOREHOLE LOGS
A.3 Borehole Logs Phnom Dei
Figure A.65: Borehole sample AUG-1000, Phnom Dei..
306
A. GROUND-PENETRATING RADAR
Figure A.66: Borehole sample AUG-1067, Phnom Dei..
307
A. BOREHOLE LOGS
Figure A.67: Borehole sample COR-1151, Phnom Dei..
308
A. GROUND-PENETRATING RADAR
Figure A.68: Borehole sample COR-1182, Phnom Dei..
309
A. BOREHOLE LOGS
Figure A.69: Borehole sample AUG-1300, Phnom Dei..
310
A. GROUND-PENETRATING RADAR
A.4 Borehole Logs Kok Kooul
Figure A.70: Borehole sample AUG-1001, Kok Kooul..
311
A. BOREHOLE LOGS
Figure A.71: Borehole sample AUG-1084, Kok Kooul..
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A. GROUND-PENETRATING RADAR
Figure A.72: Borehole sample AUG-1105, Kok Kooul..
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A. BOREHOLE LOGS
Figure A.73: Borehole sample AUG-1122, Kok Kooul..
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A. GROUND-PENETRATING RADAR
Figure A.74: Borehole sample AUG-1200, Kok Kooul..
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A. BOREHOLE LOGS
A.5 Borehole Logs Trapeang Svay
Figure A.75: Borehole sample AUG-0900, Trapeang Svay..
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A. GROUND-PENETRATING RADAR
Figure A.76: Borehole sample AUG-0975, Trapeang Svay..
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A. BOREHOLE LOGS
Figure A.77: Borehole sample AUG-0995, Trapeang Svay..
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A. GROUND-PENETRATING RADAR
Figure A.78: Borehole sample AUG-1010, Trapeang Svay..
319
A. BOREHOLE LOGS
Figure A.79: Borehole sample AUG-1020, Trapeang Svay..
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A. GROUND-PENETRATING RADAR
Figure A.80: Borehole sample AUG-1025, Trapeang Svay..
321
A. BOREHOLE LOGS
Figure A.81: Borehole sample AUG-1030, Trapeang Svay..
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A. GROUND-PENETRATING RADAR
Figure A.82: Borehole sample AUG-1100, Trapeang Svay..
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A. BOREHOLE LOGS
A.6 Borehole Logs Phoum Pluong
Figure A.83: Borehole sample AUG-0800, Phoum Pluong..
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A. GROUND-PENETRATING RADAR
Figure A.84: Borehole sample AUG-0900, Phoum Pluong..
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A. BOREHOLE LOGS
Figure A.85: Borehole sample COR-0950, Phoum Pluong..
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A. GROUND-PENETRATING RADAR
Figure A.86: Borehole sample AUG-1010, Phoum Pluong..
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A. BOREHOLE LOGS
Figure A.87: Borehole sample AUG-1060, Phoum Pluong..
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A. GROUND-PENETRATING RADAR
Figure A.88: Borehole sample AUG-1100, Phoum Pluong..
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A. BOREHOLE LOGS
A.7 Borehole Logs Phoum Veal
Figure A.89: Borehole sample AUG-1000, Phoum Veal.
330
A. GROUND-PENETRATING RADAR
Figure A.90: Borehole sample AUG-1092, Phoum Veal.
331
A. BOREHOLE LOGS
Figure A.91: Borehole sample COR-1149, Phoum Veal.
332
A. GROUND-PENETRATING RADAR
Figure A.92: Borehole sample AUG-1176, Phoum Veal.
333
A. BOREHOLE LOGS
Figure A.93: Borehole sample AUG-1300, Phoum Veal.
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A. GROUND-PENETRATING RADAR
A.8 Borehole Logs Phoum Thnol
Figure A.94: Borehole sample AUG-1000, Phoum Thnol..
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A. BOREHOLE LOGS
Figure A.95: Borehole sample AUG-1084, Phoum Thnol..
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A. GROUND-PENETRATING RADAR
Figure A.96: Borehole sample AUG-1100, Phoum Thnol..
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A. BOREHOLE LOGS
Figure A.97: Borehole sample AUG-1113, Phoum Thnol..
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A. GROUND-PENETRATING RADAR
Figure A.98: Borehole sample AUG-1200, Phoum Thnol..
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A. BOREHOLE LOGS
A.9 Borehole Logs Kok Russey
Figure A.99: Borehole sample AUG-1000, Kok Russey..
340
A. GROUND-PENETRATING RADAR
Figure A.100: Borehole sample AUG-1060, Kok Russey..
341
A. BOREHOLE LOGS
Figure A.101: Borehole sample AUG-1110, Kok Russey..
342
A. GROUND-PENETRATING RADAR
Figure A.102: Borehole sample AUG-1185, Kok Russey..
343
A. BOREHOLE LOGS
Figure A.103: Borehole sample AUG-1211, Kok Russey..
344
A. GROUND-PENETRATING RADAR
Figure A.104: Borehole sample AUG-1260, Kok Russey..
345
A. BOREHOLE LOGS
Figure A.105: Borehole sample AUG-1300, Kok Russey..
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